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PREFACE

This report presents the findings and conclusions of a task force review of four areas dong the
North Carolina coast, which were impacted by two hurricanes during the summer of 1996. Two of the
areas were protected by Corps shoreline protection projects and two were not.

The primary mission of the study was to determine if the presence of the Corps projects had a
measurable impact on damages experienced during the gorms.  In order to accomplish this god, the
demographics of the study area were examined together with the damages sustained to determine the
economic impacts. It was aso necessary to study the physical setting of the areas to ascertain what impact
the variances in the winds, orm surge, waves and geology had on any difference in sorm damages.

A limited scope study was initiated in November of 1996 through the Policy and Specid Studies
Program of the Inditute for Water Resources in cooperation with the Policy Divison in Headquarters,
United States Army Corps of Engineers. In recognition of the importance the study, in 1997 the scope was
expanded and additiona funding was received through Research and Development. Meetings were held
in Duck, NC in July 1997, in the Wilmington Didrict in October 1997 and again in September 1998, inthe
Norfolk Digrict Office in March 1999 and at the Ingtitute for Water Resources in April 2000.
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EXECUTIVE SUMMARY

A. INTRODUCTION

Coagtd North Carolinawas impacted by two very powerful hurricanes in the summer of 1996, Hurricane
Bertha (a category 2 storm) on 12-13 July and Hurricane Fran (a category 3 storm) on 5-6 September.
These storms hit areas protected by Corps shore protection projects (Carolina Beach and Wrightsville
Beach) and areas not protected by Corps shore protection projects (Kure Beach and on Topsail 1dand,
the three communities of Topsall Beach, Surf City and North Topsall Beach). This naturad phenomenon
presented an ideal opportunity to examine the value of Corps shore protection projects. In order to
accomplish this study, Corps of Engineers experts from Headguarters, the Wilmington Didrict, Engineer
Research and Development Center and the Ingtitute for Water Resources joined forces. Outsde
consultants were ds0 used in the study and to review results. The study looked at the physica parameters
of the sorms (winds; sorm surge and waves (which were mode ed); and high water marks) as well asthe
offshore geology of the area to determine if these played a role in the storms relaive impact on the
communities. Findly, an economic damage assessment was performed of the impacted aress, included the
collection of demographic information. While two storms hit the area, and some of the data collected and
modeled compared the results of Bertha versus Fran, this report focuses on the last, and the most powerful

of the orms, Fran. The following paragraphs summarize the results of this“ case study.”

B. FINDINGS

1. Winds. Sources of information for this portion of the study (Internet, National Hurricane Center,
Nationa Climatic Data Center, and Air Force) were accessed. From these sources, wind data were
gathered, hand edited, and plotted. A
number of onshore wind Stes exist within
a 100-mile radius of Wilmington, which
gathered a variety of wind information.

Winds Findings.
- Based on the best available wind speed data, the
overall onshore wind speed patterns were not

Data recording was sporadiic during most significantly different for the four beach areas,
of the periods of interest (i.e, two days although slightly higher winds did exist at the

before landfal and one day after landfall of southern beaches  of Kure-Carolina-
the storms). Additionaly, due to the Wrightsville, than at the northern end of the
gradients of the wind in the storms, only study area (Topsall Island). _

records reasonably close to the beaches Differences in winds can not explain the
were used. Because of the dramatic differences in damage experienced by the

reduction of wind when the Storms protected areas of Carolina Beach and
ashore (i.e, friction effects), only three Wrightsville Beach and the unprotected areas of

onshore recording stations were used Kure Beach and the three communities on
(Myrtle Beach, SC, Wilmington, NC and Topsail Island.

Vii
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New River, NC). Offshore recording towers were at Frying Pan Shoals (about 50 miles south southeast
of Wilmington) and at Cape Lookout (approximately 45 miles northeast of North Topsall Beach).

2. Storm Surge. The storm surge portion of this investigation required specification of topography and
bathymetry in the sudy area, modeling of the wind and pressure fields associated with the two hurricanes
and the numericd modeling of the gorm
surge associated with each event. The

Storm Surge Findings:

While surge elevations did not vary greatly over the
study area (a maximum of 1.2 feet), elevations were
highest at the protected Wrightsville Beach and
lowest at the unprotected communities on Topsail
Island.

Differences in storm surge can not explain the
differencesin damage experience by the protected
areas of Carolina Beach and Wrightsville Beach
and the unprotected areas of Kure Beach and the
three communities on Topsail Island.

Hurricane Fran occurred at low tide. Had it
occurred at high tide, damages would have been

sorm surgemodd used in this study was
the Advanced CIRCulation (ADCIRC)
hydrodynamic modd. The wind fied
modd used in conjunction with the
ADCIRC was the Planetary Boundary
Layer (PBL). The PBL modd computes
a dationary wind and pressure fidd
digtribution corresponding to hurricane
parameter input computed from the
NOAA Nationa HURricane Center's
DATabase (HURDAT) of tropica sorm
events.

greater.

3. Waves. The wave portion of the study was adso modded, usng the results obtained from the sorm
surge smulation and the wave modeing technologies of WAve Modd (WAM) and STeady WAVE

(STWAVE). The

Waves Findings: wave modding effort
While significant wave height, peak wave period, and offshorewave || \yas performed in
height did not vary greatly, the hightest readings were at the || o Sages, first
protected Wrightsville Beach and the lowest readings were at the || \waAM for the basin,
unprotected Topsail | sland areas. region, and sub-

Differences in waves can not explain the differences in damage
experienced by the protected areas of Carolina Beach and || project; and then
Wrightsville Beach and the unprotected areas of Kure Beach andthe || stwAVE coupled
three communities on Topsail | sland. to the surge

estimates generated by ADCIRC. Wind speeds were generated by Oceanwesther, Inc. usng a
combination of amospheric modes, buoy, ship observations sadlite, and  arcraft
reconnai ssance through-flights carried out by the Air Force aswdl as research flights performed by NOAA.
4. High Waer Marks. The Federd Emergency Management Agency recorded high water marks from the
southern end of Kure Beach to New River Inlet. These high water marks included surveyed marks left on
the indde and outside of buildings aswel as detrislines. Some marksingde and outside of buildings were

region scdes of the
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closer to the ocean than others, i.e., front row versus 2nd and 3rd rows, etc. While in generd marks | eft
on the ingde buildings are more rdliable, al observed high water marks were plotted to develop atrend,
based on a graight arithmetic average of dl high water marks. The highwater mark trend is as follows:

Elevation H|gh Water Marks Findings:

Area (ft.. NGVD) Excluding Kure Beach, the trend of the high
KureBeach.........cccccuevinne. 14.0 water mark was not significantly different over
CarolinaBeach........................ 10.4 the study area and followed the computed storm
Wrightsville Beach................... 10.5 surge elevations, with the highest being at the
Topsail Beach ... 10.0 protected Wrightsville Beach and the lowest at
SufCity e, 8.9 the unprotected Topsail | sland Communities.
North Topsail Beach .............. 9.2 - Except for the damage experienced at the

southern end of Kure Beach, differencesin high
Except for Kure Beach, the ocean beach water marks can not explain the differences in
areas impacted by Hurricane Fran damage experience by the protect areas of
consisted primarily of low barrier idands Carolina Beach and Wrightsville Beach and the
with varying dune sizes and dry beach unprotected areas of Kure Beach and the three
widths fronting the dunes. The generd communities on Topsail Island.
eevation of the barrier idands landward of

the dunes ranges from around 4 to 8 feet above NGVD. Kure Beach, which is actudly a mainland beach,
has ground devations ranging from around 10 to 15 feet above NGVD. The difference in ground eevation
between Kure Beach and the other beach areas impacted by Fran may have contributed to some of the
differences in high water marks observed in the area. For the low lying barrier idand, the ssorm surge
combined with the ssorm waves, overtopped the beach and flowed across the idands into the bays on the
back sde of theidands. At Kure Beach, the high landmass prevented generd overtopping and may have
crested a partid standing wave aong the entire beachfront as water was trapped and piled up between the
nearshore bar and the beach.

5. Geology. To accomplish the objects of the geologic section, critical databases (i.e., seigmic, Sdescan,
vibracore, and surface sediment, etc.) were integrated from the shoreface with data from each of the
shordline reaches. The study sites consist of both headland and barrier segments for which there are a
variety of onshore and offshore data Various levels of qudity, completeness, and interpretation
characterize these data. Sidescan sonar and high-resolution seismic surveys are available for the offshore
portion of most of the study Stes. Some of the Sdescan sonar and seiamic data exist in GIS coverage that
has been used to define salient morphologica features and the specific nature of the shoreface. Key
elements that aided interpretation of the remotely sensed data are extensive diver seafloor observations,
vibracores, and “fidld” maps describing the shoreface. From these data, mosaic maps of the seafloor,
geologic facies maps, geologic cross sections, morphological maps of the shoreface and 3-dimensiona
models for some of the Study Sites were generated.
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Geology Findings:

- Offshore geology varies from Kure Beach to Topsail 1sland and contributed to
differencesin prestorm beach conditions. The areas with existing wide beaches
and dune systems, either man-made or natural, experienced less storm damage.
The high water marks observed at the southern end of Kure Beach were believed
to be due to a combination of high landmass that produced some wave standing
and localized wave phenomena due to submerged Coquina rock outcrops.

The prestorm condition of the beach helps to explain the lesser damages at the
protected areas and greater damages at the unprotected areas.

6. Economic Damage Assessment.

a. Overview. For thisstudy an andysis of economic damages in the study area was conducted.
Demographics for the study areawere dso collected. The sources of data were the Wilmington Didtrict
of the Corps of Engineers, the Federal Emergency Management Agency (FEMA), locd town and county
managers, and building ingpectors.  In this report, Federd Insurance Adminigtration (FIA clams for
damages to dructures, persona property and land were compared in the areas that had a shoreline
protection project to those areas that did not when Hurricane Fran struck in September 1996. Thisis
different from a typical Corps planning report that calculates a benefit to cost ratio and maximum net
benefits. “Bendfits’ of the existing shordine protection projects, per se, were not cdculated in this
particular study; nor were “ damages prevented.” Both of these measures involve measuring hypothetical
Stuations and were not consdered gppropriate for this study.

b. Land Areaand Population. The Greater Wilmington area, which encompasses a sgnificant
portion of the report study area, has been and 4till is one of the fastest growing areas in the country. The
beaches under investigation in the sudy are located in three counties, Hew Hanover County (Kure, Cardlina
and Wrightsville Beaches), Pender County (Topsail Beach and aportion of Surf City) and Ondow County
(with the remainder of Surf City and North Topsal Beach). Thetotal land area of these three countiesis
1,837 square miles, the totd land area of the Sx communitiesis 28.7 square miles. Census Satistics for
population and economic activity of these beach communities are greatly understated as the Census only
takes into account permanent residents of the area. In addition to permanent residents, there are two
categories of seasona population; they are "summer population” and "day trippers.” Summer population
includes those on overnight to extended stays in both houses and motels. Day trippers are defined as
vigtors from the locd area. New Hanover County is the smdlest but most densdy developed and, outsde
of the three beach communities and the city of Wilmington, is unincorporated. Pender County, abutting
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New Hanover County on the north, is though of as a bedroom suburb of Wilmington and has experienced
the greatest growth of the three counties in the Sudy area because of the availability of undevel oped
property. Most of this county is unincorporated except for afew small towns. Ondow County, adjacent
to Pender County on the north contains the city of Jacksonville and the Camp Lgeune Marine Corps Base.
The estimated 1996 population, permanent county dengity and the estimated 1996 additiona summer

population and day trippers are provided in the following table.

Study Area Population

County Town 1996 Population 1996 Density Summer Adds
(persons/sg. mile) Day trippers
New Hanover 143,430 721 n/a
n/a
Kure Beach 738 923 7,000
2,000
CarolinaBeach 4,690 2,759 13,000
25,000
Wrightsville Beach 3,165 2435 10,000
35,000
Pender 35,978 41 n/a
n/a
Topsail Beach 434 87 7,000
1,000
Surf City 810 172 9,000
n/a
Onslow County 150,216 196 n/a
n/a
Surf City 337 674 Included in the
Pender portion
North Topsail Beach 1,001 74 14,000
3,000

n/a=not available

Sources of data: U.S. Census; North Carolina Office of State Planning; and CAMA (North Carolina Coastal Area
Management Act) Land Use Plans.

c. Housng The sudy areahas awide variety of housing induding both sngle family and multiple

Coast.

"From 1994 to 1995, local realtors estimated that
housing costs jumped as much as 14 percent on
gverage with an increase of as much as 20 to even 40
percent in upscale communities." (p349), The Insiders
Guide to Wilmington & North Carolina's Southern

occupancy, ranging from smaller traditional beach
cottages and mobile homesto luxury homes and high
rises. Prices range from less the $100,000 to millions
of dollars. Wrightsville Beech is the most affluent of
the Sx communitiesin our gudy areaand isthe dosest

geographicdly to amgor aty (Wilmington). Because

the greater Wilmington area is experiencing tremendous growth, housing prices throughout the study area
continue to ecaate, driven by demand, though differing county to county. Median house vaues from the
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1990 U.S. Censusfor the communities are grosdy underestimated compared to 1996 vaues. Vaues have
increased 200 to 300 percent since the 1990 Census. However, in order to provide a comparison and
using the best available numbers, the number of housing units per area and the median 1990 vaue are
provided in the following table. Also provided are the tax rates. Note that town tax rates shown are in
addition to the county tax rate.

Housing Statistics

County(s) Toan Housing Units Median Value (%) 1996-97
(1990) (1990) [a] Tax Rate/($1000)

New Hanover 57,076 72,000 0.645
Kure Beach 937 81,000 0.390
CarolinaBeach 3,342 80,000 0.400
Wrightsville Beach 2413 192,000 0.235
Pender 15,437 60,200 0.650
Topsail Beach 998 149,000 0.270

Pender/ Onslow
Surf City 2,242 98,900 0.450
Onslow 47,526 62,200 0.644
North Topsail Beach 2,173 Na 0.290

Source: U.S. Census. [a] Owner-occupied

d. Damages Overview. An economic damage assessment to ascertain sorm effects at the areas
that were not protected by Corps projects (Kure Beach and Topsail 1dand) in comparison with those two
that were protected by Corps projects (Carolina Beach and Wrightsville Beach) for Hurricane Fran was
performed. The primary focus was on the comparative analyss between protected and unprotected areas

“Expect to pay an average of $500,000 for virtually any
single-family home [in Wrightsville Beach] and don't be
surprised by much higher prices, since the available
land isall but exhausted in terms of development on the
island...Homes can be purchased for aslow as $80,000
and can rise to a half-million dollars along Carolina
Beach, Wilmington Beach, Kure Beach and Fort
Fisher...Unlike the decidedly pricier beaches to the
south, Topsail Island offers homes for $100,000 or less
in some cases. New 2,000-square-foot homes can cost
as much as $250,000 to $300,000 on the ocean, although
there are not yet many homes this large on the island.
Thenormismore 1,500 to 1,800 sguare feet, and prices
average $175,000 to $200,000” (p. 358-360, Thelnsiders
Guide to Wilmington & North Carolina's Southern
Coast).

raher than an absolute quantitative anayss.

Comparison of damages was done by examining
totd damage based on FIA cdams in the
communities compared to the communities’ tota
property bases. Damages were further andyzed to
compare differences in oceanfront properties for
those communities protected by Corps shordline
protection projects to those not protected. FIA
clams were the primary source of damage data.
Other sources were interviews with loca
community officds FEMA Damage Survey
Reports and Building Performance Assessment
report, and North Carolina Coastal Area
Management Act (CAMA) land use plans. FIA

clams are ussful when evauating damage due to the absence or presence of a shoreline protection project
because flood insurance covers damage caused by sorm surge, wave wash, tidal waves or overflow of any
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body of water from above-normd cydlicd leves. FIA flood insurance does not cover property damage
caused by wind-driven rain entering a home or business through openingsin the roof or wals. Rainweater
and wind damage from a roof, window or wall opening would, in most cases, be covered by standard
homeowners policies. Because of this excluson of wind and rain damage from flood insurance policies,
this study does not overestimate damages that could be prevented by a shoreline protection project.

e. Damages by Community. Because of the difference in demographics (median house vaue,
number of housing units, land areg, etc.) of the various beach communities, it is more appropriate to
compare percent damages, which normalizes the damages, as opposed to absolute damage numbers. The
property vaues versus damages clamed are shown in the following figure.

Property Values Versus Damages - Hurricane Fran

$400,000,000-

$350,000,000+

$300,000,000+
$250,000,000-+
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Topsail Idand and Kure Beach, both unprotected aress, sustained a greater percentage of damage than did
Wrightsville Beach and Carolina Beach where there were shordline projects. The shordline protection
project & Wrightsville Beach is 14,000-feet in length. The "Wrightsville Beach" community includes not
only the area behind the Corps project, but aso the northern end of Wrightsville Beach (Shell Idand),
Harbor 1dand and mainland Wrightsville Beach.

f. Structures Destroyed. Perhaps one of the most telling statistics is the number of structures
destroyed. Thisis because the structures were largely destroyed by erosion and wave runup. Thisisthe

Xii
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type of damage a shordline protection project is designed to prevent, but the presence of a shoreline
protection project does not guarantee the absence of damages in a
community. Often flooding comes from back bay sources that cannot be
prevented by an oceanfront shoreline protection project. Because the

examined communities are barrier idands, they al experienced flooding

from the sounds and rivers [Intracoastd Waterway| located between the

idands and the manland. Wrightsville Beach had no dructures

destroyed. Carolina Beach had only twenty structures destroyed (only

two of which were oceanfront) and it is the community with the largest

number of housng units. Both of these communities had a Corps

shoreline protection project protecting them. The number of structures destroyed is shown in the following
table.

“While Hurricanes Bertha and
Fran caused damage to many
structures at  Wrightsville
Beach, such damage did not
result in the total destruction of
any buildings or lots within the
Town.” 1996 CAMA Land Use
Plan: Town of Wrightsville
Beach, NC

Structures Destroyed and Claims Paid

Item KureBeach Carolina | Wrightsville Topsail Surf City North Topsail

Beach Beach [1] Beach Beach [2]

# of Structures 20 20 0 30 70 320

Destroyed [3]

#of FIA Claims 157 758 1,415 781 710 363

#of FIA Claims 128 676 1,203 664 522 273

Paid

Average Value $78,672 $22,111 $25,171 $19,368 $21,427 $134,348

Claim Paid

Footnotes:

[1] The designation "Wrightsville Beach" includes not only the 14,000 foot long shore protection Wrightsville Beach
project but also mainland Wrightsville Beach, Harbor 1sland or the northern part of the island of Wrightsville Beach (Shell
Island). The project does not provide protection to these | atter three areas.

[2] North Topsail Beach encompasses Coastal Barrier Resources Act (COBA) areas which cannot participate in the
National Flood Insurance Program, and therefore, flood insurance is not available. Because of thislack of claimsisnot
an indication of lack of damages.

[3] Based on interview with local officials. Of the 20 structures destroyed in Carolina Beach, only two were on the
oceanfront. Itisimportant to note that of the hundreds of structures destroyed in Topsail Beach, Surf City and North
Topsail Beach, many of these were not oceanfront and could have been destroyed if shore protection projects had been
provided.

0. Oceanfront Property. The following table examines dams only for oceanfront properties, which
is part of the above aggregated data. As expected, the difference in percent of property damaged is even
greater for oceanfront properties than properties in the communities as awhole. This reinforces the concept
that shordline protection projects provide damage prevention from surge and wave runup.
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Oceanfront Damages and Claims

Item Kure Carolina Wrightsville Topsail Sur f North Topsail
Beach Beach Beach Beach City Beach [2]
[1]

Oceanfront $1,047,710 $2,432,973 $320,586 $5,572,490 $7,974,939 $3,564,484
Damage [3]
Maximum $3,163,440 $21,967,852 $2,967,852 $29,166,7%4 $30,327,978 $19,168,391
Property
Damage [3]
Damage Vaue 33% 11% 13% 19% 26% 19%
Ratio
# of clams 12 85 13 200 231 131

Source: Federal Insurance Administration claims database for the Hurricane Fran event.

[1]. The Corps project is 14,000-feet in length and does not cover the north end of the island (Shell Island).

[2]. Many structuresin North Topsail Beach are not eligible to be in the NFIP because they arein COBRA areas.
[3]. For properties submitting claims.

h. Complexities with Economic Data. Each locdity is unique with respect to protection from
gorms, vaue and age of gructures, amount of oceanfront versus shoundside, etc. For example, to examine
al theFIA datain Wrightsville Beach and credit it to a "protected shoreline project” is not accurate. Firs,
the north end of Wrightsville Idand (Shell 1dand) is not protected by a Corps shoreline protection project.

Thisareais characterized by newer housing (less than 30 years old) with large single family homes and
multi-family high rise complexes. Harbor Idand and mainland Wrightsville Beach are dso not directly
protected by the shordine protection project. Of the 1,203 paid clams for the town of Wrightsville Beach,
about 340 were in the vicinity of the shordline protection project. Damage assessment in North Topsall
Beech is particularly problematic because of the town contains COBRA areas where flood insurance is not
available. Much data, therefore had to be gathered by taking with locd officids. Federa Flood Insurance
Clams are invauable when eva uating damages and damage prevention due to the presence of absence of
ashordine protection project because flood insurance covers damage caused by sorm surge, wave wash,
tidd waves or overflow of any body of water from above-normd cyclica levels. Unfortunately, much of
the FIA data are incomplete, often having no entry or an entry of "9999" for data fields that would alow
an even more comprenensve andyss. Lack of FHA datawas found in such fields as lowest floor devation,
base flood devation, differences between lowest floor and zero damage devations, building water depth,
foundation type, wal congtruction and surface, flood characteristics, and hours water wasin the building.
These are vauable additiond pieces of information and the Corps of Engineers partnering with FEMA and

FIA in post storm damage surveys would pay dividends.
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Economic Damage Assessment Findings:
In terms of demographics, Wrightsville Beach and Carolina Beach are more densely
populated and have higher housing values than Kure Beach and the three beach
communitieson Topsail |sland.
The three communities on Topsail 1sland and Kure Beach, all unprotected areas,
sustained a greater percent of damages than did the protected areas of Wrightsville
Beach and Carolina beach.
No structures were destroyed at the protected Wrightsville Beach while hundreds were
destroyed in the unprotected areas of Topsail 1sland.
Protected Carolina Beach and unprotected Kure Beach both had the same number of
structures destroyed, but Carolina Beach is much more developed than Kure Beach and
only two of the structures at Carolina Beach were on the oceanfront.
Claim and damage value was difficult to obtain and much of the FIA data were
incomplete. Corps partnering with FEMA and FIA in collecting after storm data would
pay dividends.
If erosion and wave run-up were thoroughly evaluated in reporting of the claims, the
differences between protected and unprotected areas would most likely be greater.
Lack of information prior to actual storm events was the largest deficiency to accurate
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C. CONCLUSIONS

The areas protected by Corps of Engineers shore protection projects (Wrightsville Beach and Carolina
Beach) recaived less damage as a percent of total property vaue than did the unprotected areas (Kure
Beach, Topsall Beach, Surf City and North Topsail Beach).
While differencesin physica sorm parameters (winds, sorm surge and waves) were observed from
Kure Beach to North Topsail Beach, the differences were not large enough to explain the differences
in damage. If anything, sorm parameters showed the most severe part of the ssorm hit Wrightsville
Beach and the less severe part of the storm hit Topsail 1dand.
Offshore geology, which varies from Kure Beach to Topsail Idand, likely contributed to damages and
lack of damages.
At the south end of Kure Beach is a Coquina rock outcrop that contributed to the
highest of the highwater observed at this location and resulted in an increase in
damages.
The areas with existing wide beaches and a frontd dune system, either natura or man-
made, experienced less storm damage.
Partnering with agencies such as the Federd Emergency Management Agency and the Federd
Insurance Adminidration in collecting damages data through post sorm surveys and digtinguishing
between flooding and erosion damages would pay dividends.

D. SUMMARY

Beach nourishment projects similar to the
ones at Carolina Beach, Wrightsville Beach
and now at Kure Beach do reduce hurricane
storm damages, which, in turn, reduce Federal
disaster recovery costs.




Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Study at Six North Carolina Beaches




TABLE OF CONTENTS

PREFACE ......oovvvveeeusmseeeeeeesesssssssseesssssssssssssessssssssssssssssssssssssssssssesssssssssssssssssssssessssesessssssssseeee
ACKNOWLEDGMENTS.......ooooummmrrrreeseessssmssseesssssssssssssssssssssssssssssss s sssssssssssssss s ssssessssssssseees v
EXECUTIVE SUMMARY ....ooooiiiviieiiammmsesessssssesssssss s ssssssssssss s sssssssssssss s Vi
TABLE OF CONTENTS....coovveeeuummmaaiesssseessssmssseessssssssssss s ssssssssssss s ssssssssssss s sssssssssss Xix
LIST OF TABLES ......covvvvuueuummeeerseseessssssss s ssssssssssssss s ssssssssss s XXii
LIST OF FIGURES .....ccoovouuummmrersesseessssmssss s sssssssssssss s ssssssss s XXii
LIST OF PHOTOS......cooovveuemmmmerssssesssssssss s sssssssssssss s sssssssssssss s essssssssss s XXiV
LIST OF APPENDICES......coouuurreeeeeeessmmmessssssssssssssss s sssssssssssssss s ssssssssssssse s sssssssssssssseee XV

CHAPTER 1- INTRODUCTION

A. PURPOSE OF STUDY ...ttt sttt s be s e e st st ssesteneesesseseans 1-1
B. STUDY HISTORY ...ttt sttt se b s b e st s et sb et e e seabess e e aneseennas 1-1
L. ONgINal STUAY ...ttt b e 1-1
S (10 (V{7 1 [ o 1-1
3. SHUAY CONAUCT.....ceeeueeieeieiesie sttt n s sb e e nne e 1-1
C. DESCRIPTION OF STUDY AREA ..ottt 1-2
1. SIOrm PhySICal PaIBMELENS........ooueieieiiiieieee e 1-2
22 €= o [0 |V USRS 1-3
3. ECONOMIC DaMAgE ASSESITIENT .....couieiiiiieesie sttt 1-3
4. FINAiNgS and CONCUSIONS .......cocuiiieiiieite e see sttt eee et e s b e e nte e e sneenneeneesneenns 1-3
5. SUPPOIiNGg DOCUMEMBION.........ceueeieeieeesieste et sb e s 1-3

CHAPTER 2-DESCRIPTION OF STUDY AREA

A. BACKGROUND INFORMATION ....cueitiiieieiesiesie sttt esee e seesae st sse e ssesesseesaessessessessens 2-1
L STUAY ATEA....ceieietieeeee ettt bttt b e bt bbb et b e renae s 2-1
2. BEACN PIOCESS......cuiiiiiiie ettt sttt et nreans 2-1
3. ECONOMIC PrINCIPIES. ...ttt 2-4
4. Legidation a0 POlICY.......cccciieiecee ettt e nn e nne e 2-7
LI = = (= 10T PSR 2-9
B. KURE BEAGCH........o ittt st st sttt e nte b nbesne e 2-10

XiX



Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Study at Six North Carolina Beaches

I o o o o FO OO TOPPRPRRRPRPOR 2-10
A ANY 1010 V2 1[0 o NSO 2-10
G 1= ol 1 0] Y/ 2-11
C. CAROLINA BEACH...... oottt ettt sttt s et sae et e s e seaeesaaeeebeesnseenbessaseebeesnns 2-14
L OVEIVIEW. ...ttt ettt et e st e e be e et e e beesabeesbeeenteebeesaresabeesnneenseesnnenns 2-14
A ANY 1010 V2 1[0 o NSO 2-14
G 1= ol 1 0] Y/ 2-15
D. WRIGHTSVILLE BEACH........o ittt ettt ettt ebes s e sressnneenbeesnneeneas 2-17
L OVEIVIEW. ...ttt ettt et e st e e be e et e e beesabeesbeeenteebeesaresabeesnneenseesnnenns 2-17
A ANY 1010 V2 1[0 o NSO 2-18
G 1= ol 1 0] Y/ 2-19
E. TOPSAIL ISLAND. ......c ittt ettt ettt tee ettt esv e e ebe e s s e e sbeesaaessbessaseessessnseebeesnseesens 2-21
I 0 o= [0 g = 0 I o 11 (o Y2 OSSPSR 2-21
A 110 V2SR 2-22
3. TOPSAI BEACH......c.eeeeeee e e 2-23
CHAPTER 3-PHYSICAL SETTING
AL WINDS . ...ttt et e e e et e e et e et e e eae e e b e e sbeesabeeebesaateesbeesabeeabeeanseeaseesnreereeanns 3-1
S = 1100 (0SS = o = 3-1
2. ONSNOIE SLAIONS.......uveeeciieeeciieecctee ettt e ectee e et e e e e e e ebeeeebeeeeaseeeeaseesssseesseeeebseesseeesnseeas 3-1
3. OffSNOTE TOWENS. ......veeieeeetie ettt ettt ettt e e et esbe e s be e s s e e beesaseeeneesaneesseesarenns 3-2
A, DABCNECKS. ....ccutieiiiee ettt et e e e s te e e sat e e e bae e e bee e eabeeseabeeeaareeebeeesneeeenreeas 3-2
D, CONCIUSIONS ...ttt ettt ettt e s te et e st e e be e saseesbeesabeeabeesnseeseesnseeaneesaseeseesarenns 3-3
B. STORM SURGE ........oooiiiiitieitieeteecee et eee bt e see e steestaessbesssseesseesssssbesssseensessasesssesssseessesssenns 3-4
I 1 10 o (8o 1o o USSP 3-4
2. SIOrM SUMJE MOTEL.........oiieieee et e e e e 3-4
3. Hurricane Wind FId MOOE ...........coooiieiice ettt 3-5
4. Storm Surge Modeling RESUILS........coveiiiieieiee e e 311
B REFEIENCES. ...ttt ettt e s e st e e e ae e s b e e saeesare e reeeareenneas 3-16
C. WANVES ...ttt ettt ettt e et e e e et e e e aa e et e e saseebeeeaeeebeesaseebeesaseenseesateebensnns 3-17
I 1110 o (8 (o o H R TOPPRRRSPRROR 3-17
2. WIind Feld DEVEIOPMENT ........oceeeiierieeieee et 3-17
3. Wave Modeling PrOCEAUIES..........ccueieeieeeseese ettt sne e e 3-18
4, Wave Modd VETICARION.........ooiiiiecie ettt et 3-21
5. SUb-regiona WAM RESUILS........cuviieiieie ettt 3-25
6. Coupled Wave (STWAVE) and Surge ESIMEtes............coceveenerienieie e 3-30
7. MOOE NG SUMMAIY ....c.veeieeeiecieee e st se et e e te e sse e seesaesseeteeseesreenneeneenneenses 3-36
S 1070 [ o SRS 3-37
O, REFEIENCES. ... ettt ettt e et e e s ae e st e e s ae e et e e saeesbeesaeeeabeenbeeenreenneas 3-38




Table of Contents

D. HIGH WATER MARKS........cco oottt ettt ettt ettt e sate e be s snneeareesaneenneesnneeneas 3-38
L OVEIVIEW. ...ttt ettt et e e et e e e ba e e e beeesbeeeeabeeeasbeesesseesasseesneeesnrenenns 3-38
2. KUMEBEACK ... ..o s r e e b e e nreenneas 3-38
3. CaOlINABEBCN ... e e e 3-40
VAV To 0 RSV S < o o 3-41
I e -5 | S =g o 1RSSR 341
E. BEACH PROFILES .......ooicieie ettt sttt et sb e s te e be s snreenaeesnneenbeesnneeneas 341
I 10 (8 1o o FS SO RO RTROPR PP 3-41
2. KUMEBEACN ... ..o b e b e ereenneas 3-42
3. CaOlINABEBCN ...t e 3-42
4, WHGhtSVIlIE BEBCI........ceee e 3-45
I e -5 | S =g o 1RSSR 3-46
CHAPTER 4- GEOLOGY
A. ROLE OF THE GEOLOGIC FRAMEWORK .......ccoiiiiiieiiectee ettt sree e saee s 4-1
R 10 (8 1o o FS RSOOSR 4-1
2. Methods and APPrOACH.........ccv et ene s 4-1
I €< 0 (o7 [[os = 11 oe TR USRS 4-1
B. SUMMARY OF SITE SPECIFIC CONTROLLING FACTORS........ccccoeeveeeieecee e 4-3
1. Carolinaand KUre@ BEECHES..........ccueieiiiiiiiee ettt et e 4-3
A VAV (e | K] 1= 2= o PSRN 4-4
3. TOPSAI BEACN.....c.eeeeee e 4-5
S U G S 4-6
5. NOIth TOPSAl BEACN......cceieiiee e 4-5
C. THE GEOLOGIC FRAMEWORK AND THE SHOREFACE PROFILE..........cccceovevveenene 4-8
1. VaUue of the SNOFEFACE........eeeieee e e e 4-8
2. GEOlOGIC FrAMEWOIK .....eeeveceeeiecie ettt et e et ae e e e saeenaesreenneennens 4-8
D. REFERENCGES........cc oot e ciiitie ettt ettt stee ettt e stae et e staeebeessseebessasesbessssseseesasesbessnseesessnnenns 4-9

CHAPTER 5-ECONOMIC DAMAGE ASSESSMENT

A. INTRODUGCTION .....coiitiiitiiiieesiee sttt e eee st estee e steesaeessbeessaesabeessessseesasesaseessesssesssesssesssesanns 5-1
L OVEIVIEW. ...ttt ettt e et e et e e e eae e e e ebe e e s abeeeeaaeeeasseeeeaseeeanseesanseesnneeesnnes 5-1
2. ECONOMIC EVAUBLION PrOCESS.......cciveecieeciee sttt etee et e st stee e et e sne e eneesneesreesareens 5-1
B. DEMOGRAPHICS. ... .ottt ettt ettt et e st e e eae e saaeebeesaseenbeesnseebessnseesessnnenns 5-1
I 1 10 o (8o 1o o USSP 5-1
2. Land Areaand [NCOMPOIEHION.........cceeiueeieriesieeiesieesieseesieeste e s esaeeee e e sbeseesseeseesneens 5-2
G oo 11 = (o PSR 5-3
T 0TS T o TSRS 5-4
C. DAIMAGES. ... oottt ettt et s e et e e s e e be e s aeeebe e saeesabeesbeesaseesaeesaseesbeesareesseesnrenns 5-5




Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Study at Six North Carolina Beaches

Lo OVEIVIBIW ..otttk st b e bttt e bbb e s b e bt e bt e e e et e benaenbenre s 5-5
2. INFOMMBLION SOUICE.......eeeueitieieeiesieesie ettt sie et aeesbesstesaeesbeeseesaeesbesneesreenseaneens 5-5
3. Damages by COMMUNILY.........ccveiieieereeie e esieeese e e e e ste e sre e reeae s e e sseeaesreenneennens 5-6
VAR D= 107" Y G000 7= (1 o o TSR 5-13
TS 0011007 YRR 5-16
D. COMPLEXITIESWITH THE DATA ..ottt sttt sne e 5-16
I 0o | 1= PSPPI 5-16
A 25 o U 1o 10o @] o100 SRR 5-17
3. Flood INSUranCe RAE IM@D........ccoueeeerieerieeesieste e st ae et e s e e 5-17
4. Needs Of Data COllECHION. ........coieeiirie e 5-18
E. REFERENGCES ... .ottt sttt bbbttt ettt na b 5-19

CHAPTER 6 - FINDINGS AND CONCLUSIONS

N 1 1 1\ SRR 6-1
Lo WWINOS... ittt ettt bbb b bt e e b e b nre s 6-1
A (010 0TS U (0 TSP P URTUPPRTR PRI 6-1
3. WAVES.....cceee e n e e ne e neenre e 6-1
v o T VA (= 1Y = SRR 6-2
LI €70 [0 | SS 6-2
6. ECONOMIC DAMBgE ASIESIMIENT ...c.veiiieieiieesieeie ettt nr e s 6-2
7. Photos Comparing DaMagES........cceeiueeieseesieeieseeseeaesee e sae e tesseesseensesseesseeeesneenes 6-3
B. CONCLUSIONS..... .ottt see ettt ase e e e sestestestesbesseeseeseeseesensessessessensens 6-5
C. SUMMARRY .ottt b e bbbt ae et et et e b s b e bt s bt ae et et et et be e nns 6-5
LIST OF TABLES
2-1  KureBeaCh PrOjeCt COSt.......cccveiiiii ettt 2-12
2-2  Caolina Beach Summary of Nourishment OperationS..........cccoveereereereenieseesiesseeseesreeens 2-17
2-3  Wrightsville Beach Summary of Nourishment Operations............ccccveeeveeneseeseesescenseeenen 2-21
3A-1 WiINASa ONSNOrE STALIONS .......eeueeueeieie ettt st st b et e bt sae b sreens 3-1
3A-2 WINAS at OffSOrE TOWEIS......c.eiiieiieiie ettt sae e s e s sbe et e naee e 3-2
3B-1 HURDAT Database for HUMTICaNE Fran...........cocoveieeieiiiesese et 3-7
3B-2 HURDAT Database for Hurricane Bertha...........coceoieeiieieneeeeeesceie e 3-8
3B-3 Modded Maximum Storm Surge EIeVALIONS..........ccveeeieeriecee e 3-11
0T O RS 01 4 10112 05 =SSR 3-17
3C-2 Ddiinition of WAM SIMUIEION DOMEINS........cceiiririeieieiesiesie e s seens 3-19
3C-3 Nationd Data Buoy Center Measurements Sites for Comparisons.........cocceeeeveeneesennieene. 3-22




Table of Contents

5-1 Land Areaand INCOrPOration DEE........c..cccuevueerieeiesieiie e sieesee e ste e 5-2
O oo = [ TSR 5-4
5-3  HOUSING SEAISUCS....ccuvecveeieeieiieeiie e sees e seesie e ae e et e e tesseesseeaessaesaeensesneesseenseeneessennsennnenns 5-5
5-4 DamageS—HUIMTICANE FTaN.........ooeiiiieeeee ettt 5-14
5-5  ClamsPad —HUIMICANE FIaN.........ccviieiiee et 5-15
5-6  Oceanfront Damages and Claims — Hurrican@ Fran...........ccoceveenenieneesenie e 5-16

LIST OF FIGURES
p s S (1o VN = TSP 2-2
2-2  Shift from Fixed Structures to Beach NOUrshmEN ..........cccveveeieecieseee e 2-8
2-3  CardlinaBeach and VICiNity PrOJECL.......cceeieiiiieeieseree e 2-10
3B-1 Deall of Refined Grid Of the SUAY ATEaL.........coviiiiiieieee e 3-5
3B-2 Tracks Of HUIMICANE FIaN .......cceeiiiiieeiee ettt 3-9
3B-3 Tracksof HUIMCaNE BErtha ...........oouiiieiiee s 3-10
3B-4 Surface Elevaion Time Seriesfor Hurricane Fran with Tide.........cccoeceeeeeecce e, 3-12
3B-5 Surface Elevation Time Seriesfor Hurricane Berthawith Tide.........cocoveeiieciicnicneeee, 3-12
3B-6 Surface Elevation Time Seriesfor Hurricane Fran without Tide.........c.cccevvveeveereccenieenee, 3-13
3B-7 Maximum Surge Digribution for Hurmicane Fran.............ccooveeieeienccnieeee e 3-14
3B-8 Maximum Surge Didribution for Hurricane Bertha............cccooeeveeveececeeece e 3-14
3B-9 Offshore Contours Of ONIOW Bay.........coeeieiiiiiriiniesiee e 3-15
3C-1 Storm Tracksfor Hurricane Bertha and Fran with Regiond Domain for WAM................... 3-18
3C-2 Regiond WAM SIMUIaion DOMEIN ..........coiiiiiiieieeieseesie e e 3-20
3C-3  STWAVEW GIid DOMAINS.......ciiiiiiiriesiesiesiesiesiesieeesse e ssesie e s ssesseseessessessessessessessens 321
3C-4 Wave Height Comparison for Hurricane Bertha Buoy 41004 .........c.coveeieneenieeneeseenieenen, 3-23
3C-5 Wave Height Comparison for Hurricane Fran Buoy 41004 ...........cccceveeveeeeseeniesenseeenee 3-24
3C-6 Significant Wave Height Contour Plot During Landfdl of Bertha............cccoeeceeviecieccienne 3-26
3C-7 Sgnificant Wave Height Contour Plot During Landfal of Fran............cccceevecevveveccecenee, 3-26
3C-8 Peak Wave Period Contour Plot During Landfal of Bertha..........cccocoveeiineninneneee, 3-28
3C-9 Peak Wave Period Contour Plot During Landfall of Fran...........cccccecevvevecceceene e, 3-28
3C-10 Spatid (latitude) and Tempord Variation of Hmo During Bertha...........cooceeeieeiieciccie 3-29
3C-11 Spatid (latitude) and Tempord Variaion of Hmo During Fran...........ccccceevvceveevesceesieenen, 3-29
3C-12 Topsal Beach Sgnificat Wave Height Estimates Contours for Peak Storm

Conditions, HUMICaNe BEhaL.........cc.veueiiee et 3-32
3C-13 Wrightsville Beach Significant Wave Height Estimates Contours for Peak Storm

Conditions, HUMICaNe BEhaL.........cc.veueiiee et 3-32
3C-14 Kure-Carolina Beaches Sgnificant Wave Height Estimates Contours for Pesk

Storm Conditions, Hurricane Bertha............ccocveeeii e 3-33




Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Study at Six North Carolina Beaches

3C-15 Topsal Beach Hurricane Fran, Significant Wave Height Estimates for Peak

IS (00 0100 0 11! S OSSR S 3-35
3C-16 Wrightsville Beach Hurricane Fran, Significant Wave Height Estimates Contours

for Peak Storm CONAITIONS..........coouviiiecieeciie et e e e e sre e 3-35
3C-17 Kure-Carolina Beaches Hurricane Fran, Significant Wave Height Estimates

Contours for Peak SIorm CONAItiONS.......cocvreeieriiniesee e e 3-36
1D N A o 110 g RV (= 1Y/ = S 3-39
3E-1 KureBeach Profile Station 90H00.........coiiiiiiiieeesesee e 3-42
3E-2 CarolinaBeach Profile Station 10H00.........ccccoeieeiieesierie e seese e 3-43
3E-3 CarolinaBeach Profile Station 40+00.........cooeeieriiiiesieie e 3-43
3E-4 CarolinaBeach Profile Station 90+00.........c.cceeieerieiieseere e 3-44
3E-5 CarolinaBeach Profile Station 100H00.........ccoiiieiiniesierie e 3-44
3E-6 CarolinaBeach Profile Station 125+00.........ccceiiereeiesierie e eee e 3-44
3E-7 Wrightsville Beach Profile Station 100H00...........coiiiieiieieeee e 3-45
3E-8 Wrightsville Beach Profile Station 110H00...........ccocieeeiierie e 3-46
3E-9 Wrightsville Beach Profile Station 120H00............coiiiiinieieee e 3-46
4-1  Location Map of the Study Site with Generdized Geologic Data...........cccceeeereeienieesennnne 4-2
5-1 Property Vaues Versus Damages— Hurricane Fran...........coceveeienenennence e 5-14

LIST OF PHOTOS
2-1  Kure Beach before Fill Placement.........c.ooveoeeieieciece e 2-13
2-2  KureBeach Areaafter Fill Placement .........c.oooieiieiiie it 2-13
2-3  CarolinaBeach Project During a Recent Nourishment Operation...........cccceceevveresceeseeenne. 2-14
2-4  Wrightsville BeaCh PrOJECL.........coiueieeeeee s 2-18
PSS 4 1 YU PRI 2-23
3-D1 Coquina Rock Outcrop at the Southern end of Kure Beach.........cccceveevvveveese e, 3-40
5-1  KUreBeaCh @ter FIa........ccceiieiieieeeee ettt 5-6
5-2  KUreBeaCh ater FraN.......cccoi ittt sttt st nes 5-6
5-3  KUreBeaCh @fter Fran..........ccooieii ettt 5-7
5-4 KUreBeaCh after FraN.......cccoiiiiiiie ettt ettt e e e nes 5-7
5-5  CarolinaBeach after Fran...........covoiiieie ettt 5-7
5-6 CarolinaBeaCh after Fran...........cooo i 5-7
5-7  Wrightsville BEaCh after Fran..........cc.ooeeiiiie et 5-8




Table of Contents

5-9

5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19

TmMmOoOO W >

Wrightsville Beath after Fran..........c.ooveieieecece et 5-8
Wrightsville Beath after Fran...........cooieiiieieee e et 5-9
Town of TOpSail BEACH &ter Fran..........cccevieiieeeeece et 5-10
Town Of SUM City @ter Fran........cocoeieieeeceeee e 5-10
Town Of SUM City @ter Fran.........cccoceeiiece e 5-10
Town of North Topsail BeaCh after Fran...........ccoceieeiinie i 5-11
Town of North Topsall BeaCh after Fran...........ccooveeeveece e 5-11
Town of North Topsail BeaCh after Fran...........ccoceieeiinie i 5-11
Town of North Topsail BeaCh after Fran............cccveeeveece e 5-11
Breaches & North Topsal Beach following Fran...........ccooeviiieiiiieneceeeee e 5-12
Breaches & North Topsal Beach following Fran...........ccocveeieeci e 5-12
Breaches at North Topsall Beach following Fran...........ccooeviiieiiienneeeee e 5-12
Wrighstville Beath after Fran..........c.ooveiieieecece et 6-3
North Topsail BeaCh after Fran.........ccoociiieiiieceeee e e 6-3
CaroliNaBeach @ter Fran..........ccoieeeese e 6-4
KUre BEACH @fter Fran.........cooiiiieiee e 6-4
LIST OF APPENDICES

Maor Study CONIDULOIS.........ooiiiee et e A-1
Generic Shore Protection LEgIFaioN.........cc.ovveieeieseere et B-1
WVINOS. .. ottt b et et e bttt ae e be e e e she e sb e e e e ene e e beenbeeneesre e e e C-1
WVIES. ...ttt n e r e ne e ne e e D-1
(€1 0 [0 1SRRI E-1
POSt SIOrM DaMBOE SUNVEY.......oo ettt ettt sn e san e s e e sne e nnnes F-1




Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Study at Six North Carolina Beaches




CHAPTER 1
INTRODUCTION

A. PURPOSE OF STUDY

Coadta North Carolina was impacted by two very powerful hurricanes in the summer of 1996, Hurricane
Bertha (a category 2 storm) on 12-13 July and Hurricane Fran (a category 3 storm) on 5-6 September.
These sorms hit aress protected by Corps shoreline protection projects (Carolina Beach and Wrightsville
Beach) and areas not protected by Corps shordine protection projects (Kure Beach, Topsail Beach, Surf
City and North Topsail Beach). This natura phenomena presented an ided opportunity to examine the
vaue of Corps shoreline protection projects. The report presents the results of this “case study.” A
description of the study areais provided in Chapter 2.

B. STUDY HISTORY

1. Origind Study. A limited scope damage assessment study was initiated in November 1996 to
investigate the beach areas of the lower North Carolina coast as aresult of Hurricanes Bertha and Fran.

The intent of the study at that time was only to compare the damages at those areas protected by Corps
shoreline projects (Carolinaand Wrightsville Beaches) againgt those areas not protected by Corps projects
(Kure Beach and Topsail 1dand). In order to accomplish thistask, a sudy was initiated under the auspices
of the Policy Studies Program of the U.S. Army Corps of Engineers Indtitute for Water Resources in
cooperation with the Policy Divison of the Directorate of Civil Works in the Corps Headquarters office.

2. Study Expansion Recognizing the importance of this sudy, the effort was expanded in 1997 to collect
the physical storm parameters of the two hurricanes, i.e,, winds, storm surge and waves, as well as the
geology of the offshore areas and the collection of high water mark data.  This additiona effort was
undertaken to ascertain if it was these items that may have caused differences in damages at the beach
communities under consideration rather than any man made modifications to the beaches. At thistime an
effort was dso undertaken to collect dataon "locd and state bendfits' (i.e., what isthe vaue of the beaches
to the towns, counties and the state), and on the "environmenta setting.” This data, however, was not
included in the find assessment as the data was not readily available. 1t would of required severd hundred
thousand dollars to collect the dataon "locd and ate’ benefits and there was no rdliable data on the before
and after "environmental setting.”

3. Study Conduct. A task force comprised of expertsin shore protection from the U.S. Army Corps of
Engineers was formed. Team members were from the Headquarters (HQUSACE), the Wilmington
Didrrict, the Engineer Research and Development Center and the Indtitute for Water Resources. Mestings
were held at Duck, NC on 17 July 1997, in the Wilmington Digtrict Office on 27-28 October 1997 and
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again on 16-17 September 1998, in the Norfolk Didtrict on 22 March 1999 and at the Indtitute for Water
Resources on 20 April 2000. Numerous technical writers and other support people asssted the basic task
force. A ligt of the mgor contributors to the sudy is provided as Appendix A.

C. STUDY METHODOL OGY

1. Storm Physca Parameters.

a. Winds. This component of the study pertains to an evauation of onshore winds near the North
Carolina coast during Hurricanes Bertha and Fran. To address these questions, various sources of
information (Internet, National Hurricane Center, Nationa Climatic Data Center, and Air Force) were
accesad. From these sources, wind data were gathered, hand edited, and plotted. A number of onshore
wind gtes exigt within a 100-mile radius of Wilmington, which gethered avariety of wind information. Data
recording was sporadic during most of the periods of interest (i.e., two days before landfadl and one day
after landfd| of the gorms). In many cases the data was of limited use due to eguipment mafunctions during
the wind extremes of the sorms. Additiondly, due to the gradients of the wind in the sorms, only records
reasonably close to the beaches were used. Because of the dramatic reduction of wind when the ssorms
came ashore (i.e, friction effects), only sStes in the near vicinity of the beaches were utilized to draw
conclusons. Although numerous Stes were initialy investigated, only three primary onshore stes (Myrtle
Beach, SC; Wilmington, NC and New River, NC) were utilized in drawing conclusions for this limited
onshore wind study. For further discussion on winds see Chapter 3, Paragraph A.

b. Storm Surge. The sorm surge portion of this investigation required specification of topography
and bathymetry in the study area, modeling of the wind and pressure fields associated with the two
hurricanes and the numericad modeling of the storm surge associated with each event. The sorm surge
modd usad in this sudy was the Advanced CIRCulaion (ADCIRC) hydrodynamic modd. Results of the
study are presented as maximum water surface eevations a three sites (Kure Beach, Carolina Beach and
Topsal Beach) and asaspdtid didribution of maximum water leve didribution dong the coast. The sorm
surge portion of the report is provided in Chapter 3, Paragraph B.

c. Waves. Thegod of this component of the sudy was to determine the impact of the coupling
of surge and wave effects generated by the two hurricanes at the prescribed four locations. The assessment
is based on results obtained from storm surge smulation usng ADCRIC (see Chapter 3 ParagraphB) and
wave modding efforts using two modding technologies, WAM and STWAVE driven by high resolution
findfids. For further discussion on waves see Chapter 3, Paragraph C.

d. High Water Marks. A survey of High Water Marks was performed by the Federd Emergency
Management Agency, see Chapter 3, Paragraph D. High water marks included al surveyed marks, i.e.,
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marks |eft on theingde of buildings aswell as debrislines. A trend line of these marksis provided as well
as severd photos of the damage caused by Hurricane Fran.

e. Beach Profile Changes. The Wilmington Didtrict recorded anumber of beach profilesat Kure,
Carolinaand Wrightsville beaches, see Chapter 3, Paragraph E. These profiles provide both pre and post
Hurricane Fran cross-sectional 1ooks at various locations aong the beach. Profiles are not provided dong
Topsall Idand asthere are no projectsin this area.

2. Geology. To accomplish the objects of the geologic section, critica databases (i.e,, seiamic, Sdescan,
vibracore, and surface sediment, etc.) were integrated from the shoreface with data from each of the
shordine reaches. The study sites consst of both headland and barrier segments for which there are a
variety of onshore and offshore data Various levels of qudity, completeness, and interpretation
characterize these data. Sidescan sonar and high-resolution seismic surveys are available for the offshore
portion of most of the study Sites. Some of the Sdescan sonar and seismic dataexist in GIS coverage that
have been used to define sdient morphological features and the specific nature of the shoreface. Key
elements that have aided the interpretation of the remotdy sensed data are extensive diver seafloor
observations, vibracores, and “fidd” maps describing the shoreface. From these data, mosaic maps of the
sedfloor, geologic facies maps, geologic cross sections, morphologica maps of the shoreface and 3-
Dimensiond moddsfor some of the study Steswere generated. For the geologic setting of the study area
see Chapter 4.

3. Economic Damage Assessment. For this sudy an anadlyss of economic damagesin the sudy areawas
conducted. Demographics for the study area were aso collected. The sources of data were the
Wilmington Didrict of the Corps of Engineers, the Federd Emergency Management Agency (FEMA), locd
town and county managers, and building inspectors. In this report, Federd Insurance Adminigration (FIA)
claims for damages to structures, persond property and land were compared in the areas that had a
shoreline protection project to those areas that did not when Hurricane Fran stuck in September 1996.
Thisisdifferent from atypica Corps planning report that caculates a benefit to codt ratio and maximum net
benefits.  “Benefits’ of the exigting shoreline protection projects, per se, were not caculated in this
particular udy; nor were “damages prevented.” Both of these measures involve measuring hypothetica
Stuations and were not consdered appropriate for this udy. For acomplete description of the economic
damage assessment, see Chapter 5.

4. Hndingsand Conclusons. A summary of the report findings and conclusions are provided in
Chapter 6.

5. Supporting Documentation. A list of supporting appendicesis aso provided.
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CHAPTER 2
DESCRIPTION OF STUDY AREA

A. BACKGROUND INFORMATION

1. Study Area. The study area encompasses about 55 miles of the North Carolina coast from Fort Fisher,
approximately 20 miles south of Wilmington on the south to North Topsail Beach, about 40 miles northeast
of Wilmington on the north. Counties in the study area (from south to north) are New Hanover, Pender and
Ondow. SeeFigure 2-1 for alocation map of the area. All study areas are on narrow barrier idands,
most of which have dunes. Virtudly the entire section is fronted by sandy beaches. Tidd ranges are
moderate. Potentia inland sources of sand are typicaly trapped in estuaries and bays. In the summer
months, the idands are subject to hurricane type sorms that come from a southerly direction and in the
winter months by, often severe, sorms out of the northeast. The beachesin this area are typica summer
tourigt destinations with the summer population greetly inflating the permanent population. While the
population of the beach communities in the Wilmington areanct aslarge as some of their coastd neighbors,
with the completion of Interstate Highway 40 in 1990, the population of the areg, both permanent and from
summer tourism has risen sgnificantly. The sudy area conssts of three distinct project areas, on the south,
Kure and Cardlina Beaches, in the center, Wrightsville Beach, and on the north, on Topsail 1Idand, the three
communities of Topsall Beach, Surf City and North Topsall Beach. During the sorms of 1996, Carolina
and Wrightsville Beaches were protected by Corps shore protection projects while Kure Beach and the
communities on Topsall Idand were not.

2. Beach Processes.

a Physcd Seting.  Shorelines of the United States cover a broad range of processes, geology,
morphology, and land usage. There are five United States coadtlines: Atlantic, Gulf of Mexico, Pacific,
Gresat Lakes, and the Arctic. Although the processes of waves, water levels, tides, currents, and winds
affect the coadts, they vary in intengty and relative sgnificance. Variations in sediment supply and local
geologica seting result in coadtd diveraty. The North Carolinacoadtline is defined by along, sraight fine-
sand beach, with intermittent wetlands and differs greatly from other shoresthat are defined by dlay bluffs
or rocky headlands. Not dl shores are in equilibrium with the present littoral syssem. Shores with a
character inherited from previous non-littoral process (i.e., glacia or deltaic materids) may experience
ggnificant rates of erosion under present conditions. Some shores exhibit short-term seasona or episodic
event-driven cyclic patterns of erosion and accretion. Other shores display long-term stability (balanced
sediment supply and no relative sealeve rise influences). Accretion and eroson are natural responses to
the processes of the shore. Shores that have been heavily modified by the activities of man usudly require
a continuing commitment to retain a atus quo. Additional specific information on the physical setting of
the study areaiis given in Chapters 3 and 4.
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Figure 2-1 Study Area
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b. Enginearing Aspects of Beach Fill and Nourishment.

(1). Genera. Extensve bodies of literature and case examples exist with respect to the protective
vaues afforded upland developments by the presence of large natural coastd dunes and broad frontd
beaches. Because of this, and the inherent natural values of beaches and dunes, most states have enacted
laws that, in various ways, regulate developmenta practices that could possibly degrade or otherwise
adversdly affect these natura features where they exist. In North Caroling, the Sate provides development
regulations for the coadt, for sand dunes, and for eroson control. Locd regulations must meet sate
requirements. Federal guidance on planning and design for beach fills and dune congtruction, and al other
types of shore protection measures, can be found in the Shore Protection Manual, U.S. Army Coastal
Engineering Research Center, 1984, 2 Vols. and the more recently released EM 1110-2-3301,
Engineering Design of Beach Fills, dated 30 June 1994.
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(2). Bassof protective value. The scientific basis underlying the protective vaues of dunes and
beachesisthat they are extremdy efficient land featuresin terms of their Sngular or combined capacities
to dissipate and absorb wave energy. On the other hand, under the assault of storm-tides and attendant
wave action, the high performance of these features in disspating wave energy comes a the expense of thelr
own erosion and degradation. This example of the value of beach protection was observed by a FEMA
deployed Building Performance Assessment Team (BPAT) to Coastal North Carolina to assess damage
caused by Hurricane Fran. The primary mission of the team was to assess the performance of buildings on
the barrier idands most directly affected by Hurricane Fran and to make recommendations for improving
building performance in future events. One Site observation of the BPAT wasthat  [B]each nourishment
with condruction of a hurricane protection dune : : :
bl rekce darege in Wightille Beh | 2 pouetmer, i sonucion o s
and CardlinaBeach. In these areas, the manufactured | gamagein Wrightsville Beach and Carolina Beach.
dune eroded but prevented erosion falures and | 1996 FEMA BPA Team
reduced wave damage to structures. Such dunes are
consdered expendable but require periodic maintenance and replacement after the worst
gorms.  However, if the sediment supply to the beach and dune system is adequate, the system will
recover from storm effectsin the interim periods between mgor sorm events.

(3). Natura storm-recovery of beach/dune syssem. The natural process of beach recovery can
occur in amatter of days or weeks following astorm. However, the recovery or restoration process for
dunes and the upper level of the beach strand takes months and involves the reestablishment of stabilizing
vegetaion as well asthe re-accumulation of the sediment volume lost to eroson. The sediment supply for
generd beach recovery is provided by the adjacent shorelines and immediate offshore areas and is
trangported to the beach by post-storm wave action having restorative hydraulic characteristics. Most of
the sediment supply involved in beach recovery comes from the pre-storm beach sediments that were
displaced to the nearshore zone during the subsequent course of storm-tide and wave attack. When
sediment supply to the beach is inadequate, eroson of the beach will be a persagtent, rather than an
intermittent, phenomenon. In that Stuation, the origina beach will progressively narrow in width and the
frontal dunes, being increasingly exposed to more frequent and intense wave aitack, will eventudly be lost
to erogve processes. In acompletely natura setting, an erosive condition is usudly of little concern asthe
beach and dune system is smply reestablished in a more landward position. However, where substantia
reaches of the shoreline have been developed or a vauable naturd resource is threatened by a naturdly
eroding process, protective measures may be necessary. In the past such problems were often addressed
by condruction of groins and seawdls. Since the 1960s, however, eroson problems are increasingly being
addressed by placement of sand to restore the beach and dune system.

(4). Behavior of artificia beaches and dunes. Artificid dune and/or beach restoration measures
are amply replications of the comparable naturd features and rely on the high wave-energy disspation
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characterigtics of such features as the means of protecting coastd developments. By comparison to other
shore protection messures, restored beaches and dunes have the added advantage of possessing essentialy
the same aesthetic and environmenta qualities as their naturd counterparts. Artificid beaches and dunes
are, in mogt cases, placed dong shordine reeches with ahistory of severe episodic and/or progressive long-

term erosion. Because of this, the formulation and implementation of a beach/dune project requires a
commitment to, and a plan for, a systematic sand replenishment, or  nourishment  program. Therefore,

restored beaches and dunes are recurrent-cost intensve and should not be undertaken without the
commitment and financid resources to perform replenishment operations as needed. Anayses of storm-

tidelwave intensties and frequencies can usudly establish reasonable vaues of expected return periods for
these events and the associated beach/dune nourishment demands. The actua occurrences of the events,
however, over periods of severd years, may be ether more or less frequent than the best

andyticad/daidica prediction of expected vadueswould indicate. On baance, however, beach nourishment
projects perform wel throughout the world and are usudly the method of choice in the protection of sandy
shorelines,

(5). Congruction of beach/dune projects. Beach and dune fills are most frequently constructed
by hydraulic dredging methods. Borrow areasfor projects are usudly submerged sources of sediments and
are normdly located in estuaries, inlets or offshore aress. In this regard, there is increasing reliance on
offshore sources to insure adequate long-term supply of materid, to obtain gppropriate sediment qudity and
to avoid destruction of vauable benthic organisms in estuaries. Materid is conveyed to the beach and
immediate nearshore zone by pipdine from the dredging site, while the onshore depositions are digtributed
and configured by earth-moving equipment into atypica beach/dune profile shgpe. Theinitid congtruction
template over-builds the dry beach strand in order to provide sufficient materid volume to be subsequently
displaced, by wave action, to the submerged portions of the active beach profile. In relaively rare cases,
the congtruction operation is done by using a land source of materid, road haul and earth-moving
equipment. Following materia placement, an appropriate type of beachgrass usudly stabilizes the dune
feature. Sand fencing of various types can aso be used for dune stabilization, but aesthetic vaueislost by
comparison to use of beach grasses. The objective isto reserve the dung(s) as a sacrificid defense line for
mgor sorm events. Dunes can be constructed quickly by direct placement of sand with hydraulic or
mechanicd means followed by dabilization by vegetation or sand-fences. Alternatively, dunes can be
developed over longer time periods, through use of sand-fences and vegetation. When dunes have been
developed by use of sand-fences, vegetation can be applied a the find stage to provide for a natura
gppearance plus added stahility againgt the effects of wind.

3. Economic Principles.

a. Theory. The benefits of shore protection projects are difficult to measure. This difficulty was
highlighted by the Nationa Research Council in a 1995 report. The basic gpproach in developing the
economic vaue of beach projects is to develop two scenarios for the proposed project area. The first
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scenariois with  the project and the second is without  the project. The difference between these two
projected streams of development is considered to represent the measure of the economic, socia and
environmenta benefits and cods of the project. This procedure is a fundamenta requirement of water
resources project planning as prescribed by the U.S. Water Resources Councils  Principles and
Guiddines.

b. Project Formulation Alterndive plans are formulated in a systematic manner to ensure thet al
reasonable dternative solutions are evduated. Usualy, anumber of dternative plans are identified early in
the planning process and are refined in subsequent iterations. However, additiond dternative plans may
be introduced at any time. The Water Resources Development Act of 1986 (WRDA  86) specified that
shore protection projects must be formulated for one purpose, to provide for sorm damage reduction. Any
enhancement of recreation that may aso result is consdered incidenta.  Such recregtion benefits are
National Economic Development (NED) benefits, however, and are included in the economic anayss.
Additiond beach fill, beyond that needed to achieve the sorm damage reduction purpose, to better satisfy
recregtion demand would be a separable recreation feature which is not an Administration budgetary

priority.

c. Typesof Bendfits. The mgor categories of alowed benefits for shore protection projects are
storm damage reduction and erosion protection. Other benefit categories include recreation, reduced
maintenance of existing structures, and enhancement of property vaues.

(1). Wave damage reduction benefits. In many aress, the most Sgnificant damages are caused by
wave action. This category of damage can dso be extremely difficult to accuratdy estimate particularly
when damages are calculated on a structure-by-gructure basis. Alternatively, an andyst familiar with the
areamay develop amatrix showing the percentage of the value of a particular structure type damaged by
waves of agiven magnitude.

(2). Inundation reduction benefits. Another sgnificant benefit category is reduction of the
inundation damages from coasta flooding. Inundation reduction benefits include the decrease of both
physica and non-physicd costs. These benefits include the saving of structures and contents from flood
and sdt-water damage, and the dleviation of clean-up codts, flood fighting expenses, evacuation codts,
emergency ad, and traffic rerouting.

(3). Eroson reduction bendfits. Structures are often more severely damaged by erosion of the land
under them in coagta storms than from flooding. In some cases, they are totaly destroyed. In other cases,
where gructures are elevated above flood levels, eroson can render them inaccessable and uninhabitable.
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(4). Lossof land. The areaof land that would be lost in the absence of the project over the period

of evaluation may be estimated based on the historica rate of shore erasion in cases of long-term erosion.

In instances of erosion due to coasta storms, the area that would be lost may be estimated with coastal
eroson models that predict rates of eroson for sorms of various frequencies.

(5). Recredtion. Prior to the enactment of WRDA 86, projects were formulated for hurricane
protection, beach erosion control, and recregtion. For many projects, most of the benefits were associated
with recreation. During the-mid 1980s, Army budgetary policy placed a lower priority on projects
consgdered primarily recregtion. This policy resulted in a shift to formulating projects for damage
prevention, rather than for recreation. Following enactment of WRDA '86, Corps policy required that
shore protection projects be formulated firg for hurricane and sorm damage reduction (HSDR). Additiond
beach fill beyond that required for the project formulated for HSDR, to satisfy recresgtion demand, is a
separable recreation feature that is not supported for Federa participation under current budgetary policy.
This palicy isintended to focus Federd funds on the objective of reducing damages to coagtd facilities.

Recreation can ill be used to partidly judtify projects. However, the extent to which recregtion benefits
can provide for economic judtification is limited by current budgetary policy to 50 percent of benefits
needed for project judtification.

(6). Reduced maintenance of exidting sructures. Structuresin theimmediate vicinity of the shore
may require more frequent maintenance because of recurring incidents of eroson. Benefits can be clamed
to the extent that a project would reduce the extra maintenance. Reductions in the amount of beach
nourishment required can aso be claimed in this category.

(7). Enhancement of property values. Location and intensfication benefits attributable to an
erasion control project result from increased use of land through ether intendfied activities or by changing
to an economicaly higher-vaued development than would occur in the absence of the project. Such
benefits result because of the higher utilization made feesble by increased safety of invesments in
improvements. Land enhancement benefits are over and above benefits received from damage reduction.
These benefits gpply only to land vaues and not to the vaue of future improvements.

d. Bendfit Edimation Procedure.

(1). Storm damage reduction. The NED Procedures Manua for Coastal Storm Damage and
Erosion recommends an eleven-step procedure for estimating storm damage reduction benefits. These
eleven seps are: ddineate the study area, define the problem, sdect planning shordine reaches, establish
frequency relationships, outline area affected, inventory existing conditions, determine mogt likely with- and
without-project conditions, develop damage rdationships, cdculate damage-frequency reationships,
compute expected average annua damages, and estimate tota storm damage reduction and erosion
prevention benefits.
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(2). Recredtion. Recregtion benefits are those benefits derived from the availability of beach
recregtiona area and the demand for use of that area by resdents and tourists. Engineer Regulation 1105
2-100, Section V111 provides pecific detailed procedures for evaluation of recreation benefits. In summary,
an acceptable recreation eva uation has the following characteridics: the evaduation is based on an empiricd
estimate of demand applied to the particular project; estimates of demand reflect the socioeconomic
characterigtics of market area populations, recreation resources under study, and dternative existing
recreetion opportunities; the evauation accounts for the vaue of 1oses or gains to exidting Stesin the study
area affected by the project; and awillingness to pay is evauated by (1) the travel cost method, (2) the
contingency vauation method, or (3) by the unit day vaue method.

e. Edimation Rdiability. Because of the greet variability of sorm, wind and wave activity in the
coadta zone, potential damages are esimated by assuming that the past history of storm damage will repest
itsdf, inadatidica sense. Over along period of time (disregarding climate change and sealleve rise) this
assumption is sound and the Satigtical distributions for sorm and wave events should be very smilar. For
any specific period of 10, 20 or 50 years, however, this assumption may not hold. Hence, projects planned
and designed today, on the basis of the previous 50 years of sorm, wave and erosion data, may not be
subject to the expected frequency of events over the next severd years of performance.

4. Legidation and Policy.

a. Authorizing Legidaion The legidative history of the Corps involvement in coadd activity isin
direct correlation to the many storms the Atlantic and Gulf coastdl states have been subjected to over the
years. Because of the severe hurricane activity and the resulting desth and destruction during the 1920's,
Congress enacted Public Law 71-520. This 1930 law authorized the Corps to study (but not construct)
shore protection measures in cooperation with state governments. Following World War 11, the shoreline
protection program of the Corps was expanded and consolidated through 22 additional legidative actions
gretching from 1945 through 1999. A ligt of these 23 acts and a summary of each, are presented in
Appendix B. The atations are limited to generic legidation and do not contain pecific individua studies
or project authorizations.

b. Higoricd Pdlicy.

(2). Policy guidance. The Corps established policy guidance on shore protection can be
found in Chapter 14 of EP 1165-2-1 Digest of Water Resources Policies and Authorities, (CECW-
AG, dated 15 February 1996). A summary of the pertinent portions those policies plus the current
Adminigrations proposas are provided in the following paragraphs.




Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

(2). Background. Coastd shore protection projects have been congtructed primarily in highly
developed shoreline areas. Before World War 11, the main gpproach to beach erosion and storm damage
reduction was by using fixed structures, usudly groins, jetties, and seawdls. In the late 1940's and early
1950's, an important change evolved in the basic concept of shoreline protection. Rather than relying soldy
on thetraditiond coastd dructures of the padt, it was redized thet, in many Stuations, results would be more
cog-efficient and functiond if techniques were used which replicated the protective characteristics of natura
beach and dune sysems.  This
concept, pioneered in the early 1960's Figure 2-2: Shift from Fixed
by the Corps, placed emphasis on the Structure to Beach Nourishment
use of artificia beaches and dunes as
economicdly  effident and highly
effective energy disspaters of wave - .
energy (see Figure 2-2). Other >0 .
important condderations were the 0 - I I
environmentd,  aestheticc,  and 1950s 1970s 1990s
recregtiond vaues of artificialy crested
beeches and the fact thet beach Decade
nourishment projects aso resulted in
condderable benefits to adjacent
shorelines,
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(3). Beach nourishment and renourishment. Initid restoration of a beach using artificidly created
beaches and dunes is not a permanent solution as ocean wave energies and littora drift continue to cause
losses to the project beach profile over time. Consequently, this type of project requires periodic
nourishment or sand placement on the beach (which is consdered continuation of congtruction) to be
compatible with the economic life of sructura solutions. Therefore, beach restoration projectsinclude an
estimate of initial beach restoration and an estimated frequency and quantity of periodic nourishment.

(4). Shift in pdicy. Higtorically, many shore protection projects were congtructed for a
combination of beach eroson control, ssorm damage prevention, and recreation purposes. A shift in
Adminigration policy in the mid-1980's, precluded budgeting civil works funds for any additiond
(separable) beach area needed for recreation. This policy shift was supported in the 1986 Water
Resources Development Act that identified new shore protection cogt sharing only for hurricane and sorm
damage reduction projects. After that Act, policy guidance was issued requiring shore protection projects
to be formulated for storm damage reduction adone and restricting any additiona beach area or Federd
costs for separable recresation.

(5). Privately owned shores. The Water Resources Development Act of 1986 aso precluded
Federd participation in projects that result in benefits to privately owned shores where the use of such
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shores is limited to private interests. Accordingly, policy guidance specifies that Federd hurricane and
storm damage reduction projects must contain an item of local cooperation that assures the redlization of
public beach use throughout the economic life of the project, i.e., sufficient parking facilities for the public
(including nonresident users) located nearby and reasonable public access to the project. The philosophy
isthat Federd civil works investments to protect private shorefront properties should alow accesshility to
this natura resource by the public.

(6). Recreation. Exigting policy guidance recognizes that recreation benefits redized because of

the basic hurricane storm damage reduction project might exceed 50 percent of the total project benefits.

However, economic jusdtification must be proved based on recreation being limited to a maximum of 50
percent of that judtification. This restriction prevents Federd participation in the congtruction of a project
if itsjudtification is primarily based on recregtion benefits. However, even with this policy restriction on
congtructing primarily recreation projects, there is gill a misperception that Federd beach nourishment
projects are primarily for recreation and tourism purposes.
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B. KURE BEACH

1. Location The Kure Beach project isin New Hanover County, about 15 miles south-southeast of
Wilmington, North Caroling, see Figure 2-1. The area covered by the project conssts of about 3.4 miles
of the North Carolina ocean shore dong the peninsulathat separates the lower Cape Fear River from the
Atlantic Ocean. The project is bordered on the north by the Carolina Beach project and on the south by
Fort Fisher.

2. Authorization The Area South of Carolina Beach project (Kure Beach) was authorized by Congress
in 1962 (House Document Number 418, 87th Congress, 2nd Session) as part of the Carolina Beach and
Vicinity Project. The project, as origindly authorized, conssted of a 25,800-foot long project divided into
two sections, the Carolina Beach project and the Area South of Carolina Beach (Figure 2-3). The Area
South of Carolina Beach portion of the authorized project caled for the protection of 13,050 feet of
shordine which included two unincorporated areas (Wilmington Beach and Hanby Beach) and one
incorporated area, Kure Beach. A design memorandum for the Area South portion was prepared in 1967.

Loca sponsors, however, did not support the project and in 1974 the project was placed in the inactive
category. Following severe damage to coasta development and beaches caused by Hurricane David in
September 1979 and Hurricane Dianain September 1984, local sponsorsindicated arenewed interest in
the project and it was reclassfied as active in 1985. An economic reevauation of the Area South project
was completed in 1989, demongtrating a favorable benefit-to-cost ratio. The Town of Kure Beach agreed
to be the non- Federa sponsor for the entire Area South project.

Figure 2-3; Carolina Beach and Vicinity Project
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3. Project Higtory.

a. Project Description. Following the favorable finding by the economic reevaduation, a Design
Memorandum Supplement (DMS) was prepared. This DM S andyzed the shoreline conditions and the
available borrow materid, thereby formulating a Nationa Economic Development (NED) plan, which
identified the plan that provides the maximum net benefits. The DM Swas completed in January 1993. The
NED plan congsted of a 25-foot wide dune with a crest devation of 13.5 feet NGVD and fronted by a 50
foot wide berm at an elevation of 9.0 feet NGVD. Thetotd project length was expanded to 18,000 feet
in order to cover areas incorporated into Kure Beach since project authorization. Included in the 18,000-
foot total project length is a 1,500-foot trangtion at the south end. The northern terminus of the project
adjoins the Carolina Beach portion of the authorized project. The southern terminus of the project ends
goproximately 1,000 feet north of the end of the developed portion of the beach. Thistermind point of the
project was primarily dictated by the existence of anatural coquinarock outcrop, which was judged to be
environmentaly important and should not be covered. Secondary reasons for terminating the project a this
point were related to concerns over accelerated |osses of materia from the end of the project due to an
abrupt change in shoreline orientation that occurs a the north boundary of the Fort Fisher State Historic
Ste. The arupt change in shordline orientation would have necessitated the use of atermind groin at the
south end of the project to limit losses from thefill. North Carolina coastd regulations prohibit the use of
hard structures and would, therefore, not have been permitted.

b. Planned Project Design. The estimated volume of materid required to initidly construct

the Area South project and to provide three years of advanced nourishment totaled 3,372,000 cubic yards.
Periodic nourishment isto be accomplished at three-yeer intervals with an estimated renourishment volume
of 766,000 cubic yards. The performance of the Carolina Beach portion of the project was used as a

prototype model  in estimating the nourishment requirements for the Area South project. Borrow areas
for the congtruction and periodic nourishment of the project are located offshore in water depths ranging
from 35 to 45 feet bdlow NGVD. Two main borrow areas were located for the Area South project. The
southernmost area was to be used for initid congruction and the first two to three nourishment cycles.
Once this source is depleted, the nourishment material would be obtained from the northern borrow area.
The borrow aress are pa eo-channds of the Cape Fear River, estimated to be a least 25 million years old.

c. Initid Condruction. A contract for the congtruction of the Area South project was awarded in
August 1996. Before the contractor could mobilize to the area, Hurricane Fran hit the area and caused
consderable damage to the beaches and development within the limits of the project. Due to damages
caused by the storm, the beach was resurveyed and revised plans and fill quantities determined. Work on
the project did not begin until the spring of 1997. Previous environmental coordination on the project had
resulted in a one-time agreement with the various resource agencies to alow congruction of the project to
continue through the summer months to take advantage of the milder wave conditions. Placement of the
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fill dong the project shordine was completed in February 1998. Thefind fill volume of aout 3.4 million
yards was very closeto the estimate. Work on other elements of the project, such as sorm water outfals,
dune wakover sructures, and dune vegetation continued for severa months following the completion of
thefill. Thefina cos of the project has not yet been determined, but the cost is esimated a gpproximeately
$15.0 million (see Table 2-1). Thefind esimated cost of about $15 million equates to about $4.4 million
per mile of beach. Photographs of the project area before and after placement of the fill are shown,
respectively, on Photos 2-1, 2-2.

Table 2-1: Kure Beach Project Cost

Item Cost ($)
Initial Fill (3,384,854 cubic yards) $ 9,293,200
Storm drain modifications, extension and/or replacement of public walkover structures, 1,783,981
and grassing of the artificial dunes.
Replanting and refertilization of the dune grass and final modifications in the walkover Unknown
structures and drains.
Planning, engineering and design, which include costs for the economic reevaluation and 2,300,000

supplement to the design memorandum (approximately).

Credit to the local sponsor for cost incurred in obtaining the necessary easements for Unknown
project construction.

Total estimated cost (approximately) 15,000,000
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Photo 2-1: Kure Beach before Fill Placement

Photo 2-2: Kure Beach after Fill Placement
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C. CAROLINA BEACH

1. Oveview. The Cardlina Beach project isin New Hanover County, about 15 miles south southeast of
Wilmington, North Caroling, see Figure 2-1. The area covered by the project conssts of about 2.6 miles
of the North Carolina Ocean shordine dong the peninsulathat separates the Lower Cape Fear River from
the Atlantic Ocean. The project is bordered on the north by Carolina Beach Inlet and on the south by Kure
Beach, see Photo 2-3. This particular photo was taken during one of the recent renourishment operations.

Thetidd inlet a the top of the photo is Carolina Beach Inlet. A sediment trap in the throat of the inlet
sarves as a renewable source of sand for the periodic nourishment operations. The north end of the project
is near thefishing pier located at the north end of the developed section of the beach. The portion of the
project lying north of the point where the dune vegetation ceases to the fishing pier is protected aong the
oceanfront by a rubble mound revetment. The discharge end of the dredge pipeisjust north of the main
business area of Carolina Beach know as the Boardwalk.

2. Authorization The Carolina Beach project was authorized by Congress in 1962 (House Document
Number 418, 87th Congress, 2nd Session) as part of the Carolina Beach and Vicinity Project. The
project, as origindly authorized, consisted of a 25,800-foot long project divided into

Photo 2-3; Carolina Beach Project during a Recent Nourishment Operation

two sections, the Carolina Beach project and the Area South of Carolina Beach. The Carolina Beach
portion of the authorized project caled for the protection of 12,750 feet of shordine lying totaly within the

2-14




Chapter 2 — Description of Study Area

town limits of CarolinaBeach. This portion of the project caled for a beach fill shaped to form a 25-foot
wide dune with a crest elevation of 13.5 feet above NGVD fronted by a 50-foot wide storm berm at
elevation 10.5 feet dbove NGVD. The Carolina Beach project was later modified to include a 2,050-foot
long rock revetment at the extreme north end of the project that is fronted by a 130-foot wide berm at
elevation 6.5 feet above NGVD. In 1993, the Carolina Beach project was reevauated under the authority
of Section 934 of the Water Resources Development Act of 1986 (PL 99-662). Under this study, the
project was found to be digible for continued Federa participation in beach nourishment, for a period of
50-years from initiation of congtruction. Since congtruction was initiated in 1964, Federd cost sharing in
beach nourishment will continue through the year 2014.

3. Project Higtory.

a. Initid Condruction Theinitid stage of congruction for the project was completed in April 1965
with the placement of 2,632,000 cubic yards of borrow materid obtained from the Carolina Beach Harbor
area. Immediatdy following theinitia placement, severe eroson occurred dong the entire length of thefill.

(2). Southern portion. Over the southern 10,000 feet of the project, the erosion was attributed
to hydraulic sorting of the borrow materia by waves and the movement of the borrow materiad down dope
to deeper portions of the active beach profile. Theseinitia sorting and dope adjustments continued until
1967 a which time this southern portion became fairly stable. By the time stability was reached, however,
the cross section of the fill was somewhat |ess than the authorized section.

(2). Northern portion. The erosion that occurred along the northern 4,000 feet of the project
was condderably greater than that which could be explained by hydraulic sorting and dope adjustmen.
Within the firg year following the initid fill placement, essentidly dl of the fill materid was eroded.
Authority was therefore granted to proceed with emergency measuresinvolving the placement of 411,000
cubic yards of fill and the condruction of atemporary timber groin &t the northern end of the project. These
emergency corrective measures were completed in March 1967. The emergency fill was completely gone
within ayear and the temporary groin was undergoing rapid deterioration. The continuation of the severe
eroson necesstated additional emergency action involving the congtruction of a 2,050-foot long rock
revetment extending southward from the north terminus of the project and the placement of 346,000 cubic
yards of fill. The revetment was congtructed in two stages with the first stage dong with the placement of

thefill completed in December 1970. The second stage revetment was completed in September 1973.

b. Specid Study. During the mid-1960's, when the inordinate erosion was occurring along the
northern end of the project, a pecid investigation of the problem was authorized to determine the causes
and to recommend afeasible long-term solution. This specid investigation was completed in 1970. This
gpecid sudy and a subsequent study of the feasibility of improving navigation through Carolina Beech Inlet
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identified the entrgoment of littora materid in the inlet as the cause of the eroson problem. The long-term
solution recommended in the subsequent Carolina Beach Inlet report involved the bypassing of littoral
sediment every three years from a sediment trap located in the throat of the inlet. This sand would be
distributed aong the north end of the project and would serve as a source of sediment for the beach to the
south. Both reports concluded that the failure to accomplish the sand bypassing on aregular basis would
result in the continued deterioration of the entire project, as the severe eroson associated with the inlet
deficit would migrate southward.

c. Project Completion

(2). 1971- 1980. Inearly 1971, 760,000 cubic yards of fill were placed dong the entire length
of the project to restore the project to its authorized dimensions. For the decade following this nourishment,
no additiond fill materiad was placed on the project shordine. Asaresult, the severe eroson migrated to
the south, as predicted, leaving only the southernmost 2,000 feet of the project showing any degree of
dability.

(2). Emegency fill. In December 1980, the southeastern coastdl area of North Carolina was
gruck by two severe northeegters that further aggravated the erosion at Carolina Besch, particularly dong
the section of the project located just south of the rock revetment. In this area, seven cottages were
undermined and were condemned. Further south, the shordline had moved to within 25 feet of 122 other
gructures, making them vulnerable to damage in the event of another moderate sorm. In response to the
cumulative effects of the inlet related and storm induced shordine retreats, 406,000 cubic yards of
emergency fill were placed between gations 60+00 and 120+00 during April and May 1981. This
emergency fill was only intended to partidly rebuild the severely eroded section of the project in order to
provide protection against moderate storms until the entire project could be restored to authorized
dimensons.

(3). Sediment trap. The materid for the emergency fill was obtained from aborrow arealocated
in Carolina Beach Inlet.  This borrow area began at the Atlantic Intracoastd Waterway and extended
approximately 2,000 feet seaward. The remova of the materid for this section of the inlet effectively
created a sediment trap that could supply materid for future beach nourishment operations in accordance
with the long-term erosion control plan for Carolina Beach.

4). Find project. Congruction of the Carolina Beach project was completed in July 1982
following the placement of 3,662,000 cubic yards of sand dong the entire length of the project. Thisfind
phase of construction completely restored the berm and dune section up to the southern end of the rock
revetment and provided a 130-foot wide berm at elevation 6.5 feet NGVD in front of the revetment. As
part of the 1982 renourishment, a substantial congtruction berm was placed in front of the authorized cross
section a an devation of 6.5 feet NGVD. Condruction berms are designed as a sacrificid materid source,
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which contain the volume of materid necessary to nourish the degper portions of the active beach profile.
The Carolina Beach project has performed well since 1982 with periodic nourishment being accomplished
approximately ever 3 years. The nourishment and cost history of the project isshown in Table 2-2.

Table 2-2: Carolina Beach Summary of Nourishment Operations

Dates Type of Fill Coverage (baseline stations) [ Cubic Yards Placed [1] Cost ($) [2]
12/15/64  5/18/65 | Initial 0+00 to 140+00 3,579,362 $ 925,506
3/1/67 6/30/67 | Renourish 100+00 to 140+00 389,959 186,308
4/13/70 6/5/70 | Emergency 60+00 to 120+00 282,423 291,159
12/11/70  5/31/71 | Renourish 0+00 to 140+00 734,140 788,005
4/27/81 5/27/81 | Emergency 60+00 to 120+00 406,352 1,051,774
12/28/81  8/12/82 | Renourish 0+00 to 140+00 3,662,181 8,384,406
4/19/85 6/4/85 | Renourish 80+00 to 140+00 764,162 1,652,004
3/16/88 4/27/88 | Renourish 85+00 to 142+00 950,913 1,890,535
5/11/91 7/1/91 | Renourish 0+00 to 140+00 1,008,736 2,450,286
2/95 5/95 | Renourish 0+00 to 140+00 1,157,742 3,185,642

1998 | Renourish 0+00 to 140+00 1,204,646 2,894,060
Totals 14,158,616 | $23,699,68
5
Footnotes:

[1]. Itisestimated that 4,073,228 cubic yards can be attributed to sorting losses. Net fill, therefore, is 10,085,388 cubic
yards.

[2]. Theunit cost of materia placement has been between alow of $0.257 for theinitid fill in 1964-1965, to ahigh of $2.752
for the 1995 renourishment. The average cost of fill placement has been almost $1.674 per cubic yard.

D. WRIGHTSVILLE BEACH

1. Oveview. The areacovered by the Wrightsville Beach project isasmall idand off the coast of

North Carolina, about 10 miles east of Wilmington (see Figure 2-1) in New Hanover County. It is
separated from other portions of the barrier beach by Masons Inlet on the north and by Masonboro Inlet
on the south. The idand is separated from the mainland by a sound that consists of open channds, sdt
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marsh, asmdl idand (Harbor Idand), and the Atlantic Intracoastd Waterway (see Photo 2-4). Masonboro
Inlet isin the upper left-hand portion of the photo. The large high-rise structure in the lower mid-portion
of the photo is the Idander Condominium This building is located at the north boundary of the Federd

storm damage reduction project. Johnnie Mercer'sfishing pier islocated in the middle of the photo. The
shordine ssgment north of the Idander Condominium is

Photo 2-4: Wrightsville Beach Project

know as Shdl Idand. Shel Idand was incorporated into Wrightsville Beach in the min-1980's.
Congderation was given to possibly extending the Federal ssorm damage reduction project to Shdll 1dand.
However, the condition of the beach in this areg, which congsts of a large dune and wide high tide dry
beach, rendered additiona protection unnecessary. The large dune and wide beach are by-products of the
Wrightsville Beach project. Materid from this project is trangported north during sediment transport
reversds. The naturd tendency of the shordine bulge created by the nourishment to be flattened by waves
and the accompanying littora sediment transport pattern, dso helpsin maintaining a natural beach.

2. Authorization The Wrightsville Beach project was origindly authorized in the Flood Control Act of
1962 (Public Law 87-874). The project covers 14,000 feet of ocean shoreline extending north from
Masonboro Inlet (see Figure 2-4). The project consists of abeach fill shaped in the form of a 25-foot
wide dune at elevation 13.5 feet above NGV D fronted by a 50-foot wide storm berm at elevation 10.5
feet above NGVD. A reevaduation of the project was made in September 1982 with the results
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provided in areport entitted Feasbility Report and Environmenta Assessment on Shore and Hurricane
Wave Protection, Wrightsville Beach, North Carolina™ Asaresult of this reevauation, the Wrightsville
Beach project was reauthorized by the Water Resources Development Act of 1986 (Public Law 99-
662). The new authorization extended the Federal cost sharing for beach nourishment for a period of
50-years from initiation of congtruction.

Figure 2-4; Wrightsville Beach Project Map

S o
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3. Project History.

a 1965. Theinitid congruction of the Wrightsville Beach project was accomplished in 1965 with
the placement of 2,993,100 cubic yards of materid, north from Masonboro Inlet, dong 14,000 lined feet
of shordine. Included in theinitial congtruction was the closure of asmall tiddl inlet & the northern end of
the project. Thisinlet was known as Moore Inlet and separated the town of Wrightsville Beach from Shell
Idand. Materid to initidly congtruct the project was obtained from Banks Channel, a narrow sound lying
immediately behind Wrightsville Beach. Thisinitia borrow materid was not entirely suited for beech fill;
consequently, the fill experienced someinitid sorting and winnowing losses. In addition, large quantities of
the fill materid were moved downd ope to degper portions of the active beach profile. The erosion of the
upper portion of thefill that occurred with this offshore movement was primarily due to the fallure to place
a sufficient quantity of sand to nourish the entire active profile. At Wrightsville Beach, the active profile
extends to a depth of 20 to 25 feet below NGVD whereas design dopes assumed for the fill closed in
depths of 6 to 10 feet NGVD.
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b. 1966. Congruction of the north jetty a& Masonboro Inlet began immediatdy following the initid

placement of the Wrightsville Beach fill. Associated with the condruction of the north jetty was the

excavation of asediment tragp adjacent to the weir section of the jetty. The materia removed to construct

the deposition basin, which totaled about 319,000 cubic yards, was placed on Wrightsville Beach between

3,000 feet and 13,000 feet north of theinlet. Congtruction of the sediment trap occurred between March
and July 1966 or about one year after initial construction of the beach project.

c. 1970. No additiond fill was placed on Wrightsville Beach until 1970, a which time about 1.4
million cubic yards was placed dong the northern 8,000 feet of the project to correct the earlier design
deficency and replace materid logt to sorting and winnowing. The materid for this operation was obtained
from the southern end of Banks Channd near Masonboro Inlet and from the sound behind Shell 1dand.
The southern 6,000 feet of the project has not required any nourishment since initia condruction asit lies
within the accretion fillet of the Masonboro Inlet north jetty.

d. 1980. In April 1980, approximately 541,000 cubic yards of sand obtained from the southern
end of Banks Channel was placed aong the northern 8,000 feet of the project to replace sand lost as a
result of Hurricane David which passed near the areain September 1979. The post-Hurricane David fill
did not completdly restore the design cross section in the north portion of the project. This northern portion
was completely restored between December 1980 and April 1981 with the placement of 1,250,000 cubic
yards of materid obtained from Masonboro Inlet in connection with the restoration of the inlet bar channd
between the north jetty and the recently completed south jetty. Adjustments continued until 1967 a which
time this southern portion became fairly stable. By the time stability was reeched, however, the cross section
of the fill was somewnhat |ess than the authorized section.

e. 1986. Following the 1981 restoration of the project, serious erosion problems persisted,
particularly dong the northern portion of the project. Studies of this eroson problem attributed 46 percent
of the eroson on Wrightsville Beach to the Masonboro Inlet navigation project and the remaining 54
percent to other non-inlet-related causes. The primary non-inlet related factor contributing to the eroson
isthe convex seaward planform of the idand created with the closure of Moore Inlet. The Masonboro Inlet
project was a0 cregting a sediment deficit on Masonboro Idand, the undeveloped barrier idand lying south
of theinlet. In 1986, thefirg officid sand bypassing operation was carried out a Masonboro Inlet when
900,000 cubic yards of sand was placed on Wrightsville Beach and 1,250,000 cubic yards place on
Masonboro Idand. Since 1986, sand bypassng from the inlet and renourishment of the Wrightsville Beach
project has been accomplished jointly gpproximately every four years.

f. Summary Tables. The nourishment and cost history of the Wrightsville Beach project are shown
inTable 2-3.
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Table 2-3: Wrightsville Beach Summary of Nourishment Operations

Dates Type of Fill Source of Material Cu. Yds. Placed [1] Cost (%) [2]
2/18/65 7/30/65 | Initial Banks Channel 2,993,100 $ 739,339
3/23/66 7/7/66 | Deposition Basin Masonboro Inlet 319,408 247,493
10/8/66  10/12/66 | Nourishment Behind Shell Island 42,700 8,448
3/16/70 5/22/70 | PL 99, O&M, CG S. End Banks Ch. 1,436,533 578,545
3/31/80 5/22/80 | PL 99 S. End Banks Ch. 540,715 1,030,736
12/6/80 4/11/81 | PL 99,0&M, CG, Sec 111 Masonboro Inlet 1,249,699 4,427,792
4/10/86 6/86 | Sand Bypassing Masonboro Inlet 898,593 1,331,715
1/31/91 5/22/91 | Scheduled Nourishment Masonboro Inlet 1,016,684 2,682,412

and Bypassing
4/22/94 5/19/94 | Scheduled Nourishment Masonboro Inlet 619,031 1,973,591
and Bypassing
1998 | Scheduled Nourishment Masonboro Inlet 1,116,573 2,640,292
and Bypassing
Totals 10,233,036 | $15,660,36
3
Footnotes:

[1]. Itisestimated that atotal of 1,606,000 cubic yards can be attributed to sorting losses. Net fill is, therefore, 8,627,036
cubic yards.

[2]. The unit cost of fill placement has been between a low of $0.198/cy in October 1966 to a high of $3.543 in the
December 1980 to April 1981 placement. The average cost of fill placement has been $1.53/cy.

E. TOPSAIL ISLAND

1. Location and Higtory. Topsail Idand isabarrier idand on the central North Carolina coast in Pender
and Ondow Counties. Theidand is about 22 mileslong and stretches from New Topsal Inlet on the south
to New River Inlet on the North. The southern limit of the idand is aout 20 miles northeast of Wilmington,
NC (see Figure 2-1). Before 1941, Topsall Idand, thencalled Asheldand, was astock-grazing range
with no development or access to the mainland other than by boat. In 1941 the idand was acquired by the
U.S. Government and was used as a military reservation until 1947. A paved access road from the
mainland, a drawbridge over the Intracoastal Waterway and a paved road the length of the idand were
condructed by the military during the time of its occupation. After 1947, the idand was returned to private
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ownership and since about 1950, has been extensively developed by private interests as a year-round
resdential area and a summer resort. The idand congsts of three communities: Topsail Beach, which
extends dong the southern portion of theidand for areach of about 4.5 miles, Surf City, which coversthe
6.2 mile central portion, and North Topsail Beach that comprises the northern 12 mile section.

2. Study.

a. Authority. The Corps of Engineers completed a study of this areain 1989. This study was
conducted pursuant to three Congressiona Resolutions. 24 June 1970, 23 June 1971 and 14 November
[979. Thefirg study authority was directed to the navigation needs of New River Inlet and the laiter two
wereinthe ... interest of beach erason control, hurricane protection, and related purposes. The 1971
Resolution was for West Ondow Beach (now North Topsail Beach) and the areas of Topsail Beach and
Surf City were covered by the 1979 Resolution.

b. Topsal Beach. Topsal Beach has developed as a family-based ocean resort community for
outdoor recregtion. Except for some dune aress, the entire town is subject to hurricane flooding. The 1939
study found that aong the southern 2 miles of Topsail Beach eroson was progressing a an average rate
of about 4.5 feet per year and that the natura protective dune was nonexistent. Severa structures had been
lost to eroson or rdocated. At that time, the area most threaetened by erosion and hurricane overwash was
thought to be near three canals on the south end of the idand. Private interests in the 1970’ s excavated
these cands. At its narrowest point, opposte these cands, theidand had awidth of only 200 feet. During
the 1990's, however, erosion has stopped and this part of theidand is accreting.

c. Surf City. Like Topsail Beach, Surf City is a heavily developed resort community (see Photo
2-5). This devdlopment is also subject to flooding during severe sorms and land losses due to beach
eroson have occurred. At the time of the 1989 study, however, the shordine at Surf City was considered
generdly stable, and had anaturd dune system.

d. North Topsal Beach. Aswith Topsall Beach and Surf City, North Topsall Beach (formerly
known as West Ondow Beach) isin aflood prone area. The only road aong the northern haf or the beach
isjust landward of the foredunes and is vulnerable to sorm overwash and eroson. During Hurricane Hugo
in 1989, a 2,000-foot-long segment of thisroad was lost. An obvious beach eroson and hurricane damage
potentia exists dong the entire beach. However, the 1989 study found that damage potentid in this area
was not sufficient to judtify detailed consideration of Federa shore protection and beach erosion control
measures. In addition, the mgor part of the beach is included within the “Coastd Barrier Resources
Sysem.” This system, authorized by Public Law 97-348, limits Federal expenditures for studies, and
projects within this system.
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Photo 2-5; Surf City

e. Recommendaions. While potentia for hurricane damages and beach eroson exigs a Surf City
and North Topsail Beach, Federd improvements at these communities were found not practica during the
1989 study due to economic and environmenta constraints. The only area of Topsail Idand where a
Federd project was determined to be economicaly feasible and environmentally acceptable was the
southern 3-mile portion of theidand in Topsall Beech.

3. Topsail Beach

a. Pre-authorization Planning. During project planning, two options surfaced, one with atermina
groin and one without. The termina groin would have been positioned just north of New Topsall Inlet (at
the south end of the project) and would have reduced periodic nourishment by approximately one-half
(once four years ingtead of once ever two years). Asaresult of the lesser nourishment cog, the annua
cost of the termind groin plan was congderable less than the plan without the terminal groin. Because of
this lesser cogt (the benefits of the two plans were the same), the termind groin plan was designated the
National Economic Development (NED) plan and was used to establish the limit of Federd cost sharing
for the project. Under the NED plan, the Federd share of codts is set a 65 percent for both initial
congtruction and periodic nourishment. Policies of the State of North Carolina, however, prohibit the use
of hard structures to control erosion adong the ocean shoreline of the State and further consideration of the
termind groin plan was discontinued.
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b. Authorized Project. The Topsall Beach project was subsequently authorized by the Water
Resources Development Act of 1992. The authorized project, described in House Document 102-393,
conssted of a 18,760-foot beach fill dong the southernmaost portions of the Town of Topsall Beach. The
beach fill was composed of amain fill, which measured 9,500 feet in length bordered on the north by a
6,860-foot trangition section and on the south by a 2,400-foot transition section. The cross-sectional
configuration of the main fill conssted of a25-foot wide dune a eevation 13 feat above Nationa Geodetic
Vertical Datum (NGVD) fronted by a 35-foot wide storm berm at elevation 9.0 feet NGV D which was
in turn fronted by a40-foot wide naturd berm at devation 7.0 feet NGVD. This configuration of the main
fill would have moved the shordine an average of 160 feet seaward. The north and south trangtions had
variable width natura berms a eevation 7.0 feet NGVD. Periodic nourishment for the project would be
required every two years.

c. Cog Sharing Determination. The plan described above (the plan without the termind groin),
even though annua cogts were higher, was the one supported by the State of North Carolina. Since the
State of North Carolinais normaly amagor cost sharer for Federa coastal protection projects (State law
alows the State to pay up to 75 percent of the non-Federa share) it was designated as the Locdly
Preferred Plan (LPP). Asaresult of the lower average annud codt for the plan with the termind groin, the
non-Federal cost share for the LPP plan was increased from 35 percent to 46 percent. Not only wasthe
non-Federd share increased, but the average annud cost for nourishing the project every two years versus
every four years with the NED plan resulted in the non-Federd sponsors having to assume responsibility
for alarger percentage of a much higher annua cost.

d. Support Withdrawn. During project planning the Town of Topsail Beach made severd
atemptsto obtain gpprova for the termind groin plan from North Carolina Coastd Resources Commission
(the State commission that oversees the coasta management program), but to no avall. Smultaneoudy, a
design memorandum for the Topsail Beach project was completed in August 1992 and work on the plans
and specificationsinitiated. However, the Town of Topsal Beach notified the Corps of Engineersthet it
would not be able to financidly support the project (even with State help) due to the projected high
nourishment cost and the at the high rate of non-Federa cost sharing. As aresult, the project was placed
in the inactive category.
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CHAPTER 3
PHYSICAL SETTING

A. WINDS

1. Setting the Stage.  This component of the study pertains to an evauation of onshore winds near the
North Carolina coast during Hurricanes Bertha and Fran and attempts to address the question of whether
the Wilmington area beaches (Kure, Carolina, Wrightsville, and Topsail 1dand) (see Chapter 2, Figure 2-1)
had sgnificant differencesin winds. To address these questions, various sources of information (Internet,
Nationa Hurricane Center, Nationa Climatic Data Center, and Air Force) were accessed. From these
sources, wind data were gathered, hand edited, and plotted. A number of onshore wind Stes exist within
a100-mile radius of Wilmington, which have gathered avariety of wind information. Data recording was
gporadic during most of the periods of interest (i.e., two days before landfdl and one day after landfall of
the orms). In many cases the data is of limited use due to equipment mafunctions during the wind
extremes of the sorms.  Additiondly, due to the gradients of the wind in the storms, only records
reasonably close to the beaches were used. Because of the dramatic reduction of wind when the storms
came ashore (i.e,, friction effects), only three primary onshore sites (Myrtle Beach, SC; Wilmington, NC
and New River, NC) were utilized in drawing conclusions for this limited onshore wind study.

2. Onshore Stations. Provided as Appendix C, Pages C-2 -10 are plots of 10 minute average wind
gpeeds (knots) (1 knot equas 1.15 miles per hour), the maximum wind speed (knots) in 10 minute intervals
(i-e, gusts), and wind direction (degrees) at the three primary onshore sites, Myrtle Beach, Wilmington and
New River. New River isjust north of North Topsail Idand. Additiond plots at Cherry Point, NC, are
aso provided but are not discussed further. Givenin Table 3A-1 for the three primary stations are the
results of sustained wind speed and gusts. An example of the actud reading for the Wilmington, NC dation
is provided as Appendix C, Pages C-11 -31. Thisexample has been hand edited for missing data

Table 3A-1: Winds at Onshore Stations

Location Storm Sustained Wind Speed (knots) Gust (knots)
Myrtle Beach, SC Bertha 27 40
Fran 35 46
Wilmington, NC Bertha 43 59
Fran 51 75
New River, NC Bertha 45 >48
Fran 50 70




Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Study at Six North Carolina Beaches

3. OffshoreTowers Additiona wind speed dataexis a offshore towersin the nearshore zone. Although
anumber of these offshore gtations exist within the South Carolina and North Carolina coasta zone, only
two arein the near vicinity of the beachesin question. These gations are Frying Pan Shods, NC and Cape
Lookout, NC. Plotsof the maximum wind speed, gusts and directions are provided in Appendix C, Pages
C-32-35. Over water offshore winds at these gations in provided in Table 3A-2. The reasons for
hi gher winds at these offshore locations are threefold:

The recording height is higher than the 10-meter standard height at the onshore locations, i.e; the

anemometer is a 44.2 meters (above mean sealeve) height for Prying Pan Shoals and 14.4 meters

(above means sea leve) for Cape Lookout.

The wind speed is recorded over water where frictiond effects are less and hence wind speeds are

higher.

Wind speed was reported for time averaging over ashorter time interva (two minutes).

Table 3A-2: Winds at Offshore Towers

Location Storm Sustained Wind Gust
Speed (knots) (knots)

Frying Pan Shoals — approximately 50 miles south Bertha 72 87
of Wilmington

Fran 79 94
Cape Lookout — approximately 75 miles northeast Bertha 53 62
of Wilmington, and approximately 45 northeast of
North Topsail Beach. Fran 56 67

4, Data Checks.

a. New River and Cape Lookout, NC. Additiona work was provided on two Stes. one onshore
(New River, NC) and one offshore tower (Cape Lookout, NC). The near vicinity of these gages dlowed
the comparison of wind speedsto providean approximate reduction factor to account for the last two
items described in above paragraph A3. Asthe wind gages were at approximately the same height above
mean sea level, no correction for elevation appears necessary. A scatter plot of the sustained wind
Speeds at the two locationsis provided as Appendix C, Page C-36- 37. Regresson andyss on vaues
(with zero values and aminima number of outliers filtered out) provided an adjustment factor of (0.6) to
be applied to the Frying Pan Shodsdatato cruddy adjust the Frying Pan shods data to the land-based
gations (i.e,, accounting for the factors of the last two itemsin above paragraph A3. Multiplying the Frying
Pan Shod sustained wind speeds by the 0.6 adjustment factor provides values reasonably close to the
observed vaues obtained at the New River and Wilmington land-based gations. Asthe Frying Pan Shods
data should be reduced further due to the eevation above sandard anemometer (10 meter) height, the data
suggeststhat the onshore  winds were somewhat higher North of Kure Beach.
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b. Other Sources.

(1). Additiona unverified wind speeds were noted in various sources (i.e., newspaper articles,
Nationa Wesether Service preliminary storm reports, non-WMO standard stations, etc.). Such unverified
wind speeds consst of possibly nonstandard wind recording instruments that have not been properly
cdibrated, nonstandard recording height, and unknown or uncertain time averaging wind period. Attempts
to obtain wind speed records from non-WMO standard wind gages at Cherry Grove Pier, SC; Kure
Beach, NC; Figure Eight Idand, NC; and North Topsail Beach, NC were made but data had not been
received at the time of report writing and limited funding would not have dlowed the andlyss of these gages.
The only unverified wind speed data avallable for comparison was for Hurricane Bertha.: This data showed
sustained wind speeds of 49 knots at Kure Beach and 65 knots at Topsail Beach.

(2). None of the numerous news articles scanned on either Bertha or Fran suggested any
gopreciable tornadic activity dong these sretches of beach. Locdized differencesin wind patterns above
and beyond these generd  paiterns may have occurred but insufficient wind measurements exigt to define
such differences adequately.

(3). Based on information from the Nationa Hurricane Center (NHC), Bertha winds were at 90
knots (estimated maximum 1-minute wind speed at landfdl) when, on the 12th of July, the center crossed
the coast of North Carolinamidway between Wrightsville Beach and Topsail Idand. The NHC reported
that Bertha quickly dropped below hurricane strength when it moved inland over eastern North Carolina.

The NHC reported that the center of Fran moved over the Cape Fear area on the 6th of September, but
the circulation and radius of maximum winds were large and hurricane force winds likely extended over
much of the North Carolina coastdl areas of Brunswick, New Hanover, Pender, Ondow and Carteret
counties. At landfdl, the maximum sustained surface winds are estimated at 100 knots. The strongest winds
likely occurred in streaks within the degp convective areas north and northeast of the center. Fran
weakened to atropica storm while centered over central North Carolina and subsequently to a tropical
depression while moving through Virginia

(4). Prdiminary work by the NHC, indicate the wind speeds from the two sorms are generdly
amilar over the beach areas with higher wind speeds existing over the northernmost beaches due to the
wind gradient pattern of the storm. A map produced by the Nation Research Divison of NOAA, which
andlyzed surface winds a one instant during Hurricane Fran is provided as Appendix C, Page C-38.

5. Condusions. Based on dl the best available wind speed data, the overal onshore wind speed patterns
were not sgnificantly different for the beaches in question dthough, for Hurricane Fran, dightly higher winds
were recorded in the Kure — Carolina— Wrightsville area as compared to Topsal Idand.
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B. STORM SURGE

1. Introduction. The purpose of this investigation is to evaluate relative severity of sorm surge eevation
impact of Hurricanes Fran and Bertha on the open coast of North Carolina. Specificdly, impacts to the
areasinduding Topsail, Carolina and Kure Beaches are examined.  This investigation requires specification
of topography and bathymetry in the study area, modding of the wind and pressure fields associated with
Hurricanes Fran and Bertha, and the numerical modding of the storm surge associated with each event.

Reaults of the study are presented as maximum water surface elevations a three Stes and as a patid
digtribution of maximum water leve digtribution along the coast. The following paragraphs describe the
surge modd and associated computationd grid, the hurricane model, and modedling results.

2. Storm Surge Moddl.

a. General. The storm surge modd used in this study isthe ADvanced CIRCulation (ADCIRC)
hydrodynamic modd. The ADCIRC modd is an undtructured grid finite dement long-wave hydrodynamic
modd, which was devel oped under the 6-year CE-funded Dredging Research Program (DRP). The modd
was developed as afamily of 2- and 3-Dimensiona codes (Luettich et d., 1992; Westerink et d., 1992)

with the cgpatiility of:

(2). Smulating tidd circulation and storm surge propagation over very large computationa
domains while smultaneoudy providing high resolution in areas of complex shoreline and bathymetry. The
targeted areas of interest included continental shelves, nearshore areas, and estuaries.

(2). Properly representing dl pertinent physics of the 3-dimensiond equations of motion.
These include tiddl potentid, Coridlis, and al nonlinear terms of the governing equations.

(3). Providing accurate and efficient computations over time periods ranging from months
to years.

The ADCIRC modd uses a finite-dement dgorithm in solving the defined governing equations over
complicated bathymetry encompassed by irregular sea and shore boundaries. This agorithm alows for
extremdy flexible spatia discretizations over the entire computationd domain and has demongrated
excdlent gability cheracteridics. The advantage of this flexibility in developing acomputationd grid isthet
larger elements can be used in the open ocean regions where less resolution is needed whereas smaller
elements can be gpplied in the nearshore and estuary areas where finer resolution is required to resolve
hydrodynamic detals.

b. Modd Applications. The ADCIRC mode has been gpplied to numerous applications
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(Scheffner et d, 1994 and Westerink et a, 1992) aong the east coast of the United States, Gulf of Mexico,
and Caribbean Sea. A truncated East Coast version (extending from mid-Horidato Nova Scotia) of the
grid was modified to provide high resolution of the North Carolina coagtline from Ondow Beech, south to
Cape Fear and up the Cape Fear Estuary. Topography for this entire area was specified according to
available charts used in a previous study. Specific topography for the dune and berm system for Topsall,
Carolina, and Kure Beaches was obtained from the Wilmington Didtrict and incorporated into the
computationd grid shownin Figure 3B-1.

Figure 3B-1 Detail of Refined Grid of the Study Area

3. Hurricane Wind Fied Modd.

a. Modd Type. The hurricane wind field modd used in conjunction with the ADCIRC modd is
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the Planetary Boundary Layer (PBL) mode developed by Cardone (Cardone, Greenwood, and
Greenwood 1992). This model simulates hurricane-generated wind and atmaospheric pressure fields by
solving the equations of horizonta motion which have been verticaly averaged through the depth of the
planetary boundary layer. Additionaly, a moving coordinate system is defined such that its origin dways
coincides with the moving low-pressure center of the eye of the sorm.

b. Modd Characteristics.

(2). The PBL modd computes a stationary wind and pressure field distribution corresponding to
hurricane parameter input computed from the National Oceanic and Atmospheric Adminigration (NOAA)
Nationad HUrricane Center’s DATabase (HURDAT) of tropica storm events (Jarvinen, Neumann, and
Davis 1998). This database contains al hurricane, tropical storm and severe tropica depression data that
impacted the east coast, Gulf of Mexico and Caribbean Seafrom 1886 to present. The database contains
latitude and longitude locations of the eye of the sorm event and the corresponding centra pressure and
maximum wind peeds. Data files corresponding to Hurricanes Fran and Berthaare shown in Tables3B-1
and 3B-2. These data are adequate to compute al required input for the PBL model. Example plots of
the track of Hurricanes Fran and Bertha extracted from the HURDAT database are shown in Figures 3B-
2 and 3B-3. The date shown on theinset figure just prior to landfall is with respect to Greenwich Mean
Time and corresponds to Tables 3B-1 and 3B-2.
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Table3B-1 HURDAT Databasefor Hurricane Fran

Date (m/d) 0000 (Hr) 0600 (Hr)
1996 Lat. L ong. Speed Pressure Lat. Long. Speed Pressure
8-23 00.0 00.0 0 000 00.0 00.0 0 000
8-24 14.2 24.8 25 1010 14.2 26.6 30 1009
8-25 14.1 30.8 25 1009 14.3 32.0 25 1009
8-26 14.9 37.0 25 1009 15.1 38.6 25 1009
8-27 14.9 42.7 30 1007 14.7 43.8 30 1006
8-28 14.6 475 45 1002 15.0 49.1 50 1000
8-29 16.4 53.7 65 987 17.0 55.0 65 987
8-30 19.1 58.5 65 991 19.4 59.4 65 991
8-31 20.5 60.9 60 988 20.8 61.2 60 987
9-1 21.7 62.1 65 978 21.9 62.6 65 982
9-2 22.9 64.7 75 978 23.3 65.7 75 976
9-3 24.2 69.0 75 977 24.4 70.1 80 975
9-4 25.7 73.1 95 961 26.4 73.9 100 953
9-5 28.6 76.1 105 946 29.8 76.7 105 952
9-6 33.7 87.0 100 954 35.2 78.7 65 970
9-7 39.2 79.9 30 1000 40.4 80.4 30 1001
9-8 42.8 80.1 30 999 434 79.9 30 999
9-9 44.9 75.9 25 1002 454 74.0 20 1004
9-10 46.7 70.0 15 1010 00.0 00.0 0 0
- r 7 [ [ 77 7}
Date (m/d) 1200 (Hr) 1800 (Hr)
1996 Lat. Long. Speed Pressure Lat. Long. Speed Pressure
8-23 14.0 21.0 25 1012 14.1 22.8 25 1011
8-24 14.1 28.2 30 1009 14.1 29.6 30 1009
8-25 14.6 33.4 25 1009 14.7 35.1 25 1009
8-26 15.3 40.0 30 1009 15.2 414 30 1008
8-27 14.6 44.9 35 1005 14.6 46.1 40 1004
8-28 15.5 50.7 55 995 15.9 52.3 60 990
8-29 17.8 56.3 65 988 18.6 57.5 65 988
8-30 19.8 60.1 65 989 20.2 60.6 60 990
8-31 21.1 61.4 65 984 215 61.7 65 983
9-1 22.2 63.2 70 982 225 63.9 75 981
9-2 23.6 66.7 75 976 23.9 67.9 75 976
9-3 24.7 71.2 80 973 25.2 72.2 85 968
9-4 27.0 74.7 105 956 27.7 75.5 105 952
9-5 31.0 77.2 100 954 32.3 77.8 100 952
9-6 36.7 79.0 40 985 38.0 79.4 30 995
9-7 41.2 80.5 30 1001 42.0 80.4 30 1000
9-8 44.0 79.0 25 1000 445 77.6 25 1001
9-9 45.7 72.3 15 1006 46.0 71.1 15 1008
9-10 00.0 00.0 0 0 00.0 00.0 0 0
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Table3B-2 HURDAT Database for Hurricane Bertha

Date (m/d) 0000 (Hr) 0600 (Hr)
1996 Lat. L ong. Speed Pressure Lat. Long. Speed Pressure
7-5 0.98 34.0 30 1009 10.2 36.3 30 1008
7-6 12.7 43.9 35 1005 13.1 46.6 35 1004
7-7 14.9 52.9 50 999 15.6 54.8 55 997
7-8 17.0 60.1 75 988 17.5 61.8 75 985
7-9 19.4 66.1 80 970 20.3 67.7 100 960
7-10 23.6 72.6 85 969 245 74.0 80 971
7-11 275 76.4 75 968 38.3 76.8 75 972
7-12 30.7 78.3 70 982 31.2 78.6 70 984
7-13 35.0 77.6 65 993 36.7 77.0 60 993
7-14 42.1 71.9 60 994 44.1 69.0 55 995
7-15 48.0 57.0 50 995 49.0 52.0 45 996
7-16 57.5 42.5 40 991 58.5 42.5 40 988
7-17 60.0 40.0 40 993 60.5 39.0 35 1001
[N ) I A NN B
Date (m/d) 1200 (Hr) 1800 (Hr)
1996 Lat. L ong. Speed Pressure Lat. Long. Speed Pressure
7-5 11.0 39.0 35 1007 12.0 41.2 35 1006
7-6 13.7 48.7 40 1002 14.2 51.0 45 1000
7-7 16.4 56.9 60 995 16.5 58.4 70 992
7-8 18.0 63.5 70 983 18.6 64.9 75 978
7-9 214 69.4 100 965 225 71.1 90 967
7-10 25.4 75.3 80 968 26.4 75.8 80 966
7-11 29.2 775 75 977 30.0 78.0 70 980
7-12 32.2 78.4 85 975 33.6 78.1 90 974
7-13 38.3 76.1 60 994 40.2 74.5 60 994
7-14 46.0 66.0 50 995 47.0 62.0 50 995
7-15 51.0 47.0 40 996 54.0 44.0 40 996
7-16 59.5 42.0 45 988 59.8 41.0 45 985
7-17 00.0 00.0 0 0 00.0 00.0 0 0
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Figure 3B-2 Tracks of Hurricane Fran
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Figure 3B-3 Tracks of Hurricane Bertha
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4. Storm Surge Modding Results.

a Maximum Storm Surge Elevaions. Modding of Hurricanes Fran and Bertha was initidly
conducted by smultaneoudy computing tide and storm surge.  For the case of Hurricane Fran, the pesk
surge occurred near low tide, therefore a small surge was generated as evidence by the surface elevation
time seriesfor tide-plus-surge for Topsall Beach shown in Figure 3B-4. Conversely, Hurricane Bertha
occurred near high tide as shown by the time series for Topsail Beach shown in Figure 3B-5. In order to
make ameaningful comparison of surge impact, Ssmulaions described below are for Hurricane Fran without
tide (i.e,, Figure 3B-6 for Topsal Beach) and Hurricane Bertha with tide. Table 3B-3 shows the
maximum storm surge computed for the four beaches of interest for both hurricanes. Maximum water
urface devations shown in Table 3B-3 give an indication of loca maximum surge vaues for each location.

Looking a the maximum surge eevation computed for any time during the hurricane smulation period
shows an indication of the spatid digtribution of maximum surge for the generd area. Maximum surge
didribution maps are shown in Figures 3B-7 and 3B-8 for Hurricanes Fran and Bertha. Note that
elevations arein meters, MSL (1.0 meter equals 3.28 feet).

Table 3B-3: Modeled Maximum Storm Surge Elevations

Station Hurricane Fran Maximum Surge Hurricane Bertha Maximum Surge
(without tide) (ft-msl) (with tide) (ft-msl)
Kure Beach 51 4.6
Carolina Beach 53 4.8
Wrightsville Beach 6.0 [1] 5.0 [1]
Topsail Beach 48 4.3

[1]. Based on topography from the Brunswick Nuclear Power Plan Study by Norman W. Scheffner
(WES).

b. Summary of Reaults. Inspection of Table 3B-3 shows that the modeled surge eevations for
both Hurricanes Fran and Bertha are dightly greeter at the protected Carolina and Wrightsville Beaches
than for the unprotected Kure and Topsall Beaches. Although the differences are not significant, increased
elevations are probably due to both the track of the storm and the focusing of bathymetry in the center of
Ondow Bay shown in Figure 3B-9. The primary concluson of this investigation, based on hurricane Fran
and Berthasmulaions, isthat surge devations for both events do not vary greatly over the dudy area. This
non-variability results from the path of the sorm and the similarity of offshore bathymetric contours.
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Figure 3B-4: Surface Elevation Time Seriesfor Hurricane Fran with Tide
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Figure 3B-5: Surface Elevation Time Seriesfor Hurricane Berthawith Tide
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Figure 3B-6: Surface Elevation Time Seriesfor Hurricane Fran Without Tide
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Figure 3B-7: Maximum Surge Distribution for Hurricane Fran
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Figure 3B-9: Offshore Contours of Onslow Bay
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C. WAVES

1. Introduction Thegod of this study isto determine the impact of the coupling of surge and wave effects
generated by hurricanes Berthaand Fran at Kure Beach, Carolina Beach, Wrightsville Beach and Topsall
Idand. The assessment is based on results obtained from storm surge smulations usng ADvanced
CIRCulaion (ADCIRC) (see previous Paragraph 3B) and wave modding efforts using two modding
technologies, WAve Modd (WAM) (Komen et d. 1994), and STeady WAVE (STWAVE) (Smithet d.
1999) driven by high resolution wind fidds. Hurricane Berthaand Fran both had avery smilar sorm track
and their intengty varied dightly in the context of tropicd sysems (Figure 3C-1). Storm intengtiesfor the
two sorms are shown in Table 3C-1. Cape Fear is about 5 miles south of Kure Beach.

Table 3C-1: Storm Intensities

Storm Maximum Minimum Location of Landfall Landfall Wind Landfall
Sustained Pressure (mph) Pressure (mb)
Wind (mph) (mb)
Bertha 115 960 Midway between Wrightsville 104 974
Beach and Topsail Beach
Fran 120 946 Near Cape Fear 115 954

2. Wind Fidd Development. The estimation of wind fields for tropicd sorm wave smulétion is avery
criticd element.  The wind fields used in this study were generated by Oceanwegther, Inc. usng a
combination of machine (derived from atmospheric modeds), measurements (buoy, ship observations),
satdllite (scatterometer), and aircraft reconnai ssance through-flights carried out by the Air Force (Hurricane
Hunters) as wdll as research flights performed by the Nationa Oceanic and Atmaospheric Adminigtration
(NOAA). The procedureisto take a set of background wind fields defined by a prescribed domain a a
timeinterval dictated by the origind winds. In this case the National Center for Environmental Predictions
(NCEP) aviation wind mode results were used as background wind fidds at atime step of 6 hours. Using
Oceanwesther’s tropica cyclone planetary boundary layer model and input criteria for each hurricane
(centra pressure, radius to maximum wind, and forward speed) a moving vortex describing the highly
complex wind fields in a hurricane at resolutions to gpproximately 2km. From this point, an Interactive
Objective Kinematic Analyss System (Swail and Cox, 2000) was used to assmilate dl available
measurements into the background winds. The measured winds were transformed to a standard height of
10m aong with the background winds. Thefind product for Bertha and Fran were 10 minute average wind
fields generated on afixed ltitude / longitude grid with resolution of 0.25° covering the domainfrom4° N
to 46° N Latitude, 278° E to 320° E Longitude at 1-hour time steps as shown on Figure 3C-1. In
addition, surface pressure fields were generated for both hurricanes to be used in the surge moddling effort.
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Figure 3C-1: Storm Tracksfor Hurricane Bertha and Fran
with Regional Domain for WAM
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3. Wave Modding Procedures.

a. Introduction. The wave modding effort was performed in two stages, using two modeling
technologies, WAM (Komen et a 1994) for the basin, region, and sub-region scales of the project. For
the nearshore domain STWAVE (Smith et d 1999) was used and coupled to the surge estimates generated
by ADCIRC.
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b. WAM.

(). WAM isathird-generation modd, where no apriori assumptions governing the spectrd shepe
are gpplied as in the case of second-generation models. See Appendix D, Page D-3 for additiona
information on the modding technologies. WAM was origindly built for globd scde operationd wave
forecasting purposes over a 10-year time period, (Komen et al 1994). During its development added
options were introduced so that regiond scae (e.g. continental shelf) gpplications could be performed.
Multi-level grid nesting was introduced minimizing computationd requirements.  Thus, for coasta
gpplications successvey finer grids can be built focusing into agiven domain. The far-fidd wave energy
would be quantified in each successve grid domain via saving boundary condition informeation describing
the 2-D spectrum over space and time. Thiswas the procedure used in the Bertha and Fran wave modding
study.

(2). Input to WAM is agrid identifying the water depths and land masses (e.g. shorelines and
offshore idands). Wind fields are introduced once the geographica information is generated aong with
other parametersfor the time step, identification of the boundary conditions, and specid output locations.
Thisissummarized in Table 3C-2.

Table 3C-2: Definition of WAM Simulation Domains

. Latitude (° N) Longitude (°E) Resol )
LU South North West East (min) pids B
Basin 4.0 46.0 278.0 335.0 15 Original ouT
Region 32.0 36.0 280.0 285.0 5 Interpolated IN/OUT
Sub-Region 33.75 34.75 281.0 283.0 0.1 Interpolated IN/ OUT*

*2-D spectra generated for each of 3 STWAVE domains defined below.

The WAM basn smulation area was shown in Figure 3C-1. The regiond domain is shown as the
(bounded green) box. Nesting from the regional domain to the sub-region is shown in Figure 3C-2. Storm
tracksfor Bertha (red, labded “B”) and Fran (blue, labded “F’) aong with sub-region domain defined by
the green box. Wave gage sites (41002, 41004 and Frying Pan Shoals) derived from the National Data
Buoy Center for verification of mode results are also shown.

(3). Forthe WAM smulations, each higher resolution grid domain isforced by boundary condition
information described via 2-D wave spectra at the coarse resolution’s time step.  The spectra are
tempordly and spatidly interpolated onto the finer resolution’ s vaues noted in Table 3C-2. In addition, the
wind fields are used in each of the prescribed domains. Within the sub-region domain there is one location
offshore of each study area. Two dimensiona wave spectra are generated, and used as the boundary
condition information for the three STWAVE modd domains.
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Figure 3C-2: Regional WAM Simulation Domain

b. STWAVE. The STWAVE modding domains were built usng two data bases. For the
offshore area, bathymetry were obtained from the National Ocean Sarvice digital database. The devation
edimates were obtained directly from the ADCIRC refined grid. The data sets were then interpolated onto
gridswith spatia resolutions of 185.2minx andy. One must note thet dl locations landward of the defined
shordline were assumed to beland. The net effect would only be evident if the surge levels from Berthaand
Fran exceed the barrier idand elevations. The STWAVE grid accuracy (Figure 3C-3) isdictated by the
relative amount of qudity information injected into the interpolation agorithm. For additiond informeation
on STWAVE see Appendix D, Page D-3.
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Figure 3C-3: STWAVE Grid Domains
(Topsail Beach (upper left), Wrightsville Beach (upper right), and Carolina-Kure Beach
(lower)) (devation scale in meters)

4. Wave Modd Veification

a. Wave Measurement. Data for three active wave measurement sites (shown in Figure3C-2) are
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displayed in Table 3C-3. These sites provided wave data for verification of the WAM results

Table 3C-3: National Data Buoy Center Measurement Sitesfor Comparisons

] . Availability
Buoy Name Longitude (East) Latitude (N) Depth (m) Bortha Fran
41002 284.80 32.28 3785.6 NO YES
41004 280.90 32.51 36.6 YES YES
Frying Pan Shoals 282.41 33.49 14 YES YES

for Hurricanes Berthaand Fran. These Sites are maintained by the National Data Buoy Center, NOAA.
WAM reaults were compared to these sites for consstency in the wind estimates, and ultimately the wave
estimates. Two of the measurement Sites were Situated to the east of Bertha and Fran's storm tracks
(Figure 3C-2), while 41004 is located to the west. This provides a good basis for comparison, where
typicaly the maximum winds (and largest) waves will resde, while the migration of swell energy will be
evident in adown-wind and -wave direction a 41004. The range of water depths (from the maximum of
3800m to a minimum of 14m) provide further ingghts into the wave modd’s performance for arbitrary
depth mechanisms such as refraction/shoding, wave-bottom energy sinks, and depth limited breaking.
Unfortunately no directional information in close proximity to the study area was avalable. These
comparisons will provide a quality assurance in the wind fields generated by Oceanwegther, Inc. as well
as srve as a bass and the only basis of wave modd verification for the subsequent finer scale WAM
amulations as well as results generated for the three STWAVE domains.
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b. Bertha Regiond WAM Comparisons. Three measurement Sites were selected for wind and
wave modd verification during the Bertha smulation. The methodology used to congiruct the hurricane
wind fidds use dl avalable wind data sources. Comparisons between the mode winds to the
measurements were virtualy identical, and plots of mode to measurements are omitted from this report.

A more rigorous vaidation of the wind fields can be derived from wave modd results compared to buoy
messurements. Of course, any discrepancies between the WAM wave estimates and the measurements
could be derived from incondgtencies in the winds as wdl as errors in the wave modeing technology used
in the sudy. The comparisons between the WAM Bertha results and data obtained at the two active
measurement Stes are very good. In generd the active growth cycle, and accompanying swells are well
represented in the modd results. The pesk to peak comparison show that WAM under estimates by about
0.75-0.5m, and there is adight phase shift in the pesk of the mode result of about 2 hours. Even during
the decay cyde, wherethe height isdiminishing a arate of 1m/hr, WAM replicates the measurements. This
demondtrates that the winds generated by Oceanwesther, Inc. to drive the wave model are excdllent, and
thet the WAM replicates the wave heights extremdy well. Figur e 3C-4 displaystime plots of comparisons
between WAM and measurements for the energy based wave height for Hurricane Bertha at Buoy 41004.
Additiona data are contained in Appendix D, Page D-4.

Figure 3C-4: Wave Height Comparison for Hurricane Bertha Buoy 41004
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c. Fran Regiond WAM Comparisons. The sorm track for Hurricane Fran was very smilar to that
of Bertha, but dightly to thewest. Two (41002, and Frying Pan Shoals) of the three buoy locations were
to the west of the hurricane path, providing an excdlent data base to compare wave moded results from very
distinct quadrantsin atropical syssem. Two marked differences that separate Bertha from Fran were the
winds, Fran being stronger, and that as Fran was in its devel opment stages Hurricane Edouard was just off
the U.S. coast. The initid pesks (occurring around 1 September) identify the influence of Hurricane
Edouard a dl three gtes. Only alimited amount of work on the wind fields was focused on estimating the
winds correctly for Edouard. Thet isthe primary reason why the wave modd results tend to under estimate
the sgnificant wave heights during that time period. During the time between 1-4 September the wave
environment becomes very complex. Loca generated (and swells) from Edouard would be combined with
the early arriving swells from Fran, evident in the frequency spectra. Ultimatdy Fran and its accompanying
90-100kt winds dominate, producing measured sgnificant wave heights ranging from 7.8m (41002) to 9.8m
(Frying Pan Shods). The change in wave heights over time was gpproximatdy 1m/3hr, typica of avery
rapidly moving and growing sorm. Figure 3C-5 digplays time plots of comparisons between WAM and
measurements for the energy based wave height for Hurricane Fran a Buoy 41004. Additiond dataare
contained in Appendix D, Page D-5.

Figure 3C-5: Wave Height Comparison for Hurricane Fran Buoy 41004
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5. Sub-region WAM Smulation Reaults.

a. Sonificant Wave Height. Significant wave height color contour plots (Figures 3C-6 and 3C-7)
were generated for the Berthaand Fran smulations. These results identify the spatia gradientsin the Ho,
of modd results a thetime of landfall. Hy, isasymbol used for the computed parameter “sgnificant wave
height.” Sgnificant wave height isthe value that best “represents’ the range of wave heights experienced
a apaticular place over a particular time period. The differencesin intendgty are evident comparing the
WAM reaults of Bertha (Figure 3C-6) and Fran (Figure 3C-7). Maximum significant wave heights in
excess of 16 m are evident in the Fran results, while Bertha s maxima are dightly over 10 m. In the
nearshore area the Hn,, model results are nearly uniform and peak a about 9 m for Fran, wheress, in the
Bertha smulation, the generd trend is gpproximately 7-8 m with pockets of 6 m heights dong the Cardlina-
Kure Beach area and south. Bertha' s landfal occurred between Wrightsville and Topsall Beach. This
produced the strong lobe of energy to the east evident by the 10 m significant wave heights, and adight but
marked gradient to the west of Cape Fear and a0 to the north, near Cape Lookout. Hurricane Fran made
landfall near Cape Fear, producing extreme wave conditions al along the North Carolina coasta waters
dretching from near Ondow Bay the Kure Beach. Attenuation of the wave heights principaly from depth
induced wave breaking are found surrounding the Cape Fear area.
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Figure 3C-6: Significant Wave Height Contour Plot During Landfall of Bertha
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Figure 3C-7: Significant Wave Height Contour Plot During Landfall of Fran
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b. Peak Wave Period.

(2). An obvious difference between the two results is the spatid variation in the Hy,, contours of
hurricane Fran. The primary cause of this can be found in Figures 3C-8 and 3C-9, peak spectral wave
period (defined as the inverse of the frequency band containing the maximum energy in the 1-D spectra)
contour plots. The WAM results clearly display pesk spectral periods (Tp) in a range from 12 to a
maximum of 15 sec occurring just to the northeast of the maximum energy lobe for Bertha (figure 3C-8).

Depth induced mechanisms such asrefraction, shoaing and the scaled source terms will become effective
for the T, range (12-15 sec) in water depths lessthan 20 m. The peak period range derived from Fran
(Figure 3C-9) is markedly longer at 15 to 19 sec. Arbitrary depth mechanisms strongly affect the wave
conditions for water depths less than 35 m.  The highly varigble bottom in the modeling domain and
accompanying long period energy will generate the deviations in the modeled wave height estimates.

(2). To assess the impact of Bertha and Fran along the study area, WAM results were saved
goproximatey 4 km from the shoreling, a about 1 km resolution from just north of Topsall Beach to dightly
south of Kure Beach. The wave height estimates were plotted over location and time identifying thetime
and spatid variation for each of the two hurricanes for the entire smulation period. Because of the rapid
movement of both Bertha and Fran only the last 60 hours of each smulation period were plotted. These
resultsare shown in Figures 3C-10 and 3C-11 for Berthaand Fran respectively. The WAM results for
hurricane Bertha (Figure 3C-10) are indicative of the near homogeneous wave height wave estimates dong
shore evident from the single wave height contour plot (Figure 3C-6) at the peak of the orm. Despite
Berthamaking landfal between Wrightsville and Topsail Beach, Hy,, values of 8 m were apparent for anear
continuous time period south of Kure Beach. In addition, thereis only adight spetid wave height gradient
toward the south. In generd, the entire reach from Kure Beach to Topsall Beach was impacted by
sgnificant wave heights of about 8m. One may conclude from Figure 3C-10 that the shordline reach from
just south of Wrightsville Beach to Kure Beach were most severely affected.

(3). The results derived from Fran (Figure 3C-11) shows a very smilar trend displayed for the
Bethasmulation. Significant wave height estimatesin generd, were goproximately 1-1.5m gregter for Fran
than Bertha. There were locations between Wrightsville and Carolina Beach that experienced Hqo
edimates of 10 m. The spatia and tempord variations for Fran were virtualy homogenous from Topsall
to Kure Beach. These results are not surprising because of the hurricane path and that depth limited wave
breaking was taking place. Water depths were on the order of 15 meters at these locations 4 km from
shore.

(4). Insummary, hurricane Berthaand Fran displayed very smilar trendsin the nearshore domain.
Fran generated higher Hno and longer T, estimatesin the offshore area, however the results derived from
about 4 km from shore were fairly congtant (in space and time) from Kure to Topsail Beach.
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Figure 3C-8: Peak Wave Period Contour Plot During Landfall of Bertha
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Figure 3C-9: Peak Wave Period Contour Plot During Landfall of Fran
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Figure 3C-10: Spatial (latitude) and Temporal Variation of Hp,, During Bertha
(approximately 4 km offshore)
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Figure 3C-11: Spatial (latitude) and Temporal Variation of Hp,, During Fran
(approximately 4 km offshore)
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6. Coupled Wave (STWAVE) and Surge Estimates.

a. Introduction. As previoudy stated, 2-D spectra estimates generated in the sub-region WAM
domain were saved at offshore (gpproximately 5 km) locations from the 4 sudy sites. Once synthesized
into the STWAVE coordinate system and truncated to a hdf-plane (Smith et a. 199), each of the
hurricanes were processed for the area surrounding Kure, Carolinaand Wrightsville Beaches and Topsall
Idand. In addition, surge estimates generated by ADCIRC were used to modify the water depth grids,
overtopping the coagtd landmasses during the time of maximum water level estimates. One mudt redize
up to this point the resultant wave estimates have been dependent on the accuracy of the winds, the
modeling technology and to alesser extent the local bathymetry. 1t was shown that WAM replicates wave
measurements at 3 Stes. One can aso conclude the winds generated by Oceanwegther, Inc. represented
hurricanes Bertha and Fran very accurately. One can presume, the WAM estimates for the sub-region
would represent exigting conditions because of the hurricane paths, that al 3 verification Stes were south
of the area, the wind forcing were derived from the origina Oceanwesther, Inc. fields and the modeling
technology WAM was the same. Running at the sub-region domain introduces an unknown factor in the
specification and accuracy of the bathymetry. In generd, the net effect in the wave estimates running with
inaccuraciesof £2-5 metersin the bathymetry would be negligible compared to the wind fidd specification.

Asin the case of the WAM sub-region smulation, the best form to present the find wave estimates are
sgnificant wave height color contour plots occurring at the pesk of Berthaand Fran. Because of the rapid
growth, and decay of the hurricanesin time, the energy levels decrease subgtantially +1-2 hours either sde
of the sorm pesk, despite the leve in the surge estimates. For additiond information on the development
of coupled wave and surge estimates, see Appendix D, Page D-6.

b. Coupled STWAVE-ADCIRC Hurricane Bertha Reaults.

(1). The coupled STWAVE-ADCIRC results are displayed in Figures 3C-12, -13 and -14, for
Topsail, Wrightsville, Kure-Carolina Beach domains. Included in the figures are Hy,, color contours, the
mean wave direction (every 4" grid location), and the location of the shordline. In addition, gray shaded
areas depict the laterd extent of the surge effect. Again thisis based on the provided devation information
for thelandmasses. One aso hasto redize that al water domains landward of the barrier idands were not
modeled, and assumed to be land.

(2). The wave height estimates at Topsail Beach Figure 3C-12) clearly show a trend for
attenuation of the offshore energy asiit gpproaches the coastline. The wave height levels just offshore of
Topsal are spatidly invariant and arein arange of 2.5 to 3.0 meters. Despite anear uniform bottom across
the modd domain (Figure 3C-3), thereisavery didtinct energy pocket created. The mean wave direction
attempts to gpproach the shoreline in a shore normal orientation, however, it tends dightly south closeto
the coast. Coupling the surge effect visbly moves the wave attack zone further landward, past the shoreline
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(represented by thered line). The maximum laterd movement occurs at two locations, south of the center
line (identified in Figure 3C-12 by the Top Sail annotation), and at roughly 34° 24’ |atitude. It appears as
though the maximum H,,, rarely exceeds between 1.0 to 1.5 meters on the barrier idand.

(3). Moving south to Wrightsville Beach (Figur e 3C-13) the smulated wave environment changes
dramaticdly. The range in offshore wave heights are now from 3.5 to 4.0 meters, nearly a meter gresater
than a Topsall. Probably the mogt significant aspect in the Wrightsville Beach smulation isthe large wave
height gradients in close proximity to the shordline. Within 1 km from the defined shoreline (the red line)
Hmo estimates increase by 2 meters. From north of Masonboro Inlet (about 34° 11' latitude) to the
northern extent of Wrightsville Beach, the energy leve is more savere than what was evident in the Topsall
area. The land mass now flooded (based on the ADCIRC egtimates) is significantly greater compared to
that of the Topsall reach.

(4). The Kure-Carolina Beach reach was modded using one STWAVE domain (Figur e 3C-14).
One mud redize the ADCIRC results were interpolated from the two sets of estimates to produce a unique
tempordly varying water level input file used during the STWAVE smulations. Asindicated in the Storm
Surge Modding Section, the differences between Kure and Carolina were 0.061 meters (or 0.2 ft as
identified in Table 3C-3). This should not produce marked differences in the wave estimates. For the
Bertha smulation, the coupled STWAVE results show smilar trends in the offshore wave dimae
experienced a Wrightsville Beach. The offshore Hy,, results at Kure-Carolina Beach (Figure 3C-14)
produced alarger aerid coverage of 6.0 meter conditions. Significant wave heights gpproximately 2 km
from the shordline were aso devated compared to the two previous STWAVE domains. However, the
wave height gradients observed dong Kure-Carolina Beach were uniform aongshore, and smilar to that
of Wrightsville. What is evident, isthat the surge level did not migrate the attacking waves more than about
500 meters landward of the established shoreline. In addition, the shaded domains were substantialy
diminished compared to the coverage encountered a Topsail and Wrightsville beach. There is evidence
of the migration north of CarolinaBeach (34° 03’ latitude), and further south near the 33° 54' latitude.
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Figure 3C-12: Topsail Beach
Significant Wave Height Estimates Contours for Peak Storm Conditions, Hurricane Bertha
(arrows are the vector mean wave direction)
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Figure 3C-13: Wrightsville Beach
Significant Wave Height Estimates Contours for Peak Storm Conditions, Hurricane Bertha
(arrows are the vector mean wave direction)
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Figure 3C-14: Kure-Carolina Beaches
Significant Wave Height Estimates Contours for Peak Storm Conditions, Hurricane Bertha
(arrows are the vector mean wave direction)
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(4). In summary, the results of the combined wave-storm surge smulations for Hurricane Bertha
show:

(@. The most severdy impacted shordine reach was a Wrightsville Beach because of the
landward migration of the wave estimates caused by the surge.

(b). The Kure-Carolina Beach domain were dominated by the largest wave conditions offshore,
the gradients in wave height dongshore were uniform. Seaward the H,,, gradients were Smilar to that
encountered a Wrightsville Beach, however the migration of the surge in a landward direction was
ggnificantly less.

(c). Topsal Beach was affected by the surge dightly less than at Wrightsville Beach, and more so
than a Kure-Carolina Beach. The wave climate offshore was about 1-2 meters lower than a Wrightsville
and Kure-Carolina Beaches.
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c. Coupled STWAVE-ADCIRC Hurricane Fran Results.

(2). The coupled surge and spectrd wave modding effort for Hurricane Fran wasrun inasmilar
fashion asin the case of Bertha. The results of these smulations are shown on Figures 3C-15, -16 and —17
for, respectively, Topsall, Wrightsville and Kure-Carolina Beaches.

(2). In comparing the Hy,o results of Fran and Bertha for topsall Idand reved asmilar sructure to
the offshore wave dimate. The Fran results are gpproximatdy 1.5 to 2.0 meters gregter in Sgnificant height,
however the banding of the contours from southwest to northeast is evident. There is evidence of the
nearshore pocketing of Hn, estimates from 3.0 to 4.0 meters (the Bertharesults were 2.5 to 3.0 meters).

Lobes of higher Sgnificant wave heights (3.5 to 4.0 meters) appear just to the north and south of the
centerline. Adding in the surge effects, the barrier idands are exposed to wave estimates ranging from 0.5
to amaximum of 1.5 meters. Thisissimilar to that observed during Bertha, and the area of concentrated
energy isnearly identica.

(3). At Wrightsville Beach the Fran smulation produced devated sgnificant wave heights of 2.0
to 3.0 meters greater than Bertha. The spatid didtribution of Hy,, differsfrom Bertha attributed in increased
energy in the lower frequencies, and subsequent refraction and shoding mechanisms. The offshore gradients
in dgnificant heights for the Fran amulation are very smilar to that obsarved in the Bertharun, however the
5.0 meter contour isthe seaward limit, rether than 3.5 for Bertha. Elevated Hro values of 0.5 to 2.0 meters
are evident dl aong the Wrightsville Beach shordline.

(4). The offshore ggnificant wave heights dong Kure-Carolina Beach from the Fran smulation are
again elevated by 1.0 to 3.0 meters. But in the nearshore one finds the position of al contours from 5.0
meters and lower to be nearly identical to that obtained from the Bertha smulation. Depth induced bregking
limits the heights, despite the devated (from 5 to 9 seconds) pesk spectrd wave period estimates from Fran
compared to Bertha. The gradients from the land, seaward are extremely steep, and uniform from south
of Kure Beach to the northern edge of Carolina Beach.

(5). Insummary, the results of the combined wave-stcorm smulations for Hurricane Fran display
the trends established in the Bertha smulation, however, in generd the offshore wave climate for dl
three STWAVE domains were eevated from 1.0 to 3.0 meters.
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Figure 3C-15: Topsail Beach
Hurricane Fran, Significant Wave Height Estimates for Peak Storm Conditions
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Figure 3C-16: Wrightsville Beach
Hurricane Fran, Significant Wave Height Estimates Contoursfor Peak Storm Conditions.
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Figure 3C-17: Kure-Carolina Beaches
Hurricane Fran, Significant Wave Height Estimates Contoursfor Peak Storm Conditions
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7. Modding Summary.

a. Accuracy of Modding Technology. The estimation of combined wave and surge effect for
landfal hurricanesis degpendent on many factors: the accuracy in the wind fields, wave and surge modding
technologies, accuracy in the offshore bathymetry, and ultimately the eevation of the land. This section
demonstrated that winds generated by Oceanweather, Inc. provided the basis to accurately represent the
offshore wave climate peek Hn, esimates within arange of 0.5 to 0.75 m. One can dso conclude the wave
modeling technology WAM (Komen et d 1994) used for hurricane Smulations can accurately depict these
highly complex meteorologica, and wave scenarios. Pushing awave modd origindly built for globd (eg.
oceanic basins at odtia resolutions of 1°) into the regiond (5 spatid resolutions), and ultimately sub-region
(about 1') isaviable dternative and can be done without loss in accuracy.

b. Veificaion of Offshore Wave Climate. Egtimates in the offshore wave climate were verified
to three measurement sites south of the sudy area. One can conclude WAM represented the wave dimate
of Berthaand Fran accurately, and depicts the existing wave environment of both sdes of these fast moving
tropica sysems. This is generdly not the case for typica hurricane smulations. The right quadrant is
generdly modeled accurately, while the left quadrant is poorly represented. Again, most of the accuracy
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in the wave estimates is derived from accurate wind esimates. The verification locations were south of the
sudy area. Hurricane Bertha and Fran were moving in a northerly direction, thus one can suggest the
accuracy in the wave estimates found in the regiona domain would be evident in the sub-region domain.

C. Reallts of Sub-regiond WAM Simulaions. Results derived from the sub-region WAM
amulaions show a generd trend for the offshore wave climate (about 4 km from shore) to be rlaively
homogeneous from Cape Fear to just south of Topsall Beach during Bertha (Figure 3C-12). The pesk Hino
conditions for Berthawasin arange from 7.0to 8.0 meters. The pesk conditions for Fran ranged from 9.0
to 10.0 meters (Figure 3C-15), and the near uniform distribution extended again from Cape Fear but
covered the Top Sall Beach coastd reach before decreasing. Thiswas dso evident in the significant wave
height contour plots at the peek of Berthaand Fran. The peak spectral wave periods were adso elevated
by 5 seconds in the Fran case, increasing both refraction effects, and depth induced bresking compared
to the Bertha smulation.

d. Impact of Combined Surge and Waves. Thefind step and god of the study was to estimate
the impact of combined surge and waves on four sites: Topsail, Wrightsville, Kure, and Carolina Beach
aong the North Carolinacoast. At the onset, one hasto identify some of the basic uncertainties surrounding
these smulations. The accuracy in the offshore topography will play a dramétic role in the estimation of
nearshore wave conditions. The Nationd Ocean Service digita database was used for congructing the fina
STWAVE grids, however verification of the results was virtudly impossible to perform.  Significant wave
height estimates resulting from surge is dependent on the accuracy of the modeding technology (addressed
in Paragraph 3B) and aso dependent on the accuracy of the wind/pressure fidds driving the model) as well
as the data used to congtruct the area landward of the fixed shoreline.

8. Findings. Because of the complexitiesin thistype of Smulation, usng afinite wave height summarizing
the net effect on a particular shoreline reach is not gppropriate. One hasto congder the net laterd landward
migration of the waves because of the surge, the gradient in wave heightsin littord zone, and to a lesser
extent the offshore wave estimates. However, based on the andysis of the results derived from the coupled
surge-wave smulations the following can be concluded:

a. Sgnificant wave heights derived from Hurricane Fran were gpproximately 1-3m higher than
during Bertha. The spatid digtribution was smilar.

b. The Kure-Carolina Beach domain was dominated by the largest wave conditions offshore. The
gradients in wave height dongshore were uniform. Seaward the Hn,, gradients were smilar to tha
encountered a Wrightsville Beach, however the migration of the surge in a landward direction was
sgnificantly less.

¢. Themod severdy impacted shordine reach was a Wrightsville Beach because of the combined
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offshore wave climate, the steegp offshore wave height gradients and landward migration of the wave
estimates caused by surge,

d. Topsal Beach was affected by the surge dightly less than a Wrightsville Beach, and more so
than a Kure-Carolina Beach. The wave climate offshore was about 1-2 meters lower than a Wrightsville
and Kure-Carolina Beaches.
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D. HIGH WATER MARKS

1. Oveview. The Federd Emergency Management Agency funded a survey of high water marks left by
Hurricane Fran. The survey covered the entire coastal area impacted by the storm and was conducted
during September and October 1996. High water marks conssted of mud lines left on the interior of
buildings or debris lines left on the ground by the receding waters. In generd, the mud lines ingde of
buildings provide better estimates of actud sorm surge and/or till water levels as the buildings tend to filter
wave conditions. Debrislines, which are not affected by thistype of filtering action, will include some wave
runup effects, which will tend to give higher devation readings. As shown on Figure 3D-1, the storm
produced high water marks ranging from around 15 feet above NGVD a Kure Beach to roughly 9 feet
above NGVD at the north end of Topsail Idand. All observed high water marks are shown on the figure
and included in the computation of the trend line in order to diminate any bias.

2. Kure Beach. Theinordinate eevation of the high water marks on Kure Beach, which are of the order
of 15 feet above NGVD, are believed to be the result of local topography effects and not directly due to
differing gorm characteridicsin the area. The location of the maximum high water marks do not agree with
the post-storm numerical modd hindcast of the storm surge which indicated that maximum surge and water
levels should have been the highest dong Wrightsville Beach. This disagreement may be the result of
features that were not specificaly modeled. For example, the genera topography of Kure Beach is
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somewhat different than the topography of the other areasin that it isredly amanland beach, with ground
elevations 10 to 15 feet or more above NGV D, whereas the other areas are barrier idand beaches with
much lower generd devations. In addition

Figure3D-1: High Water Marks
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to the higher topography, a naturd outcropping of coquina rock fronts the southern end of Kure Beach.
A picture of the coquinarock outcrop is shown on Photo 3D-1. While the outcrop isavisble fegture, this
geologic formation is known to lie a or near the surface of the ocean bottom offshore of Kure Beach (see
Geology, Chapter 4) and, as a result, greetly influences the dope and planform shape of the bottom
contours. The presence of the rock and the high devation of the land mass are both bdieved to have
contributed to the higher water mark elevationsin the Kure Beach area. Fird, the rock formation probably
causes some focusing of wave energy resulting in higher waves dong some section of the areg, particularly
in the area of the visble outcrop. Second, the high land mass could result in apartid standing wave dong
the area that would alow water trapped ingde buildings to leave a higher water mark. Regardless of the
cause, the phenomenon appears to be redl, as high water marks left following Hurricane Bonnie in 1998
and Floyd in 1999 dong Kure Beach were dso higher than the high water mark eevations observed dong
neighboring beaches. Whatever, the reason, the eevation of the high water marks along Kure Beach
averaged 14.0 feet above NGV D, the highest of dl the areas included in the post-storm study area.

Photo 3D-1: Coquina Rock Outcrop at the Southern end of Kure Beach

3. CadlinaBeach. Thedevation of high water marks measured within the corporate limits of the Town
of Carolina Beach following Hurricane Fran ranged from 9.0 feet NGV D to 13.5 feet NGVD. The high
water marks produced by Fran were comparable to the high water marks recorded following Hurricane
Hazd in 1954. Prior to Hurricane Fran, Hurricane Hazdl had produced the highest il water levels of
record for the Carolina Beach area. The average of dl of the high water mark devations on Carolina Beach
from Hurricane Fran is 10.4 feet NGVD. The generd trend of the high water marks aong Carolina Beach

3-40



Chapter 3 - Physical Setting

shows a decrease in €evation from south to north (see Figure 3D-1).

4. Wrightsville Beach At Wrightsville Beach, Hurricane Fran produced high water marks ranging from
9.3 feet above NGVD to 11.6 feet above NGV D, with an average essentialy equal to that observed at
Carolina Beach of 10.4 feet NGVD. The generd trend line through the high water mark data shown on
Figure 3D-1 indicates a dight increase in sorm ill water level from Masonboro Inlet on the south to
Mason Inlet on the north. The average devation of dl high water marks measured on Wrightsville Beach
and Shdll Idand was gpproximately 10.5 feet above NGVD or dightly higher than the average high water
marks on Topsall Idand. As a Carolina Beach, the devation of the high water marks produced by
Hurricane Fran are comparable to the previoudy observed maximum storm gtill water levels in the area
produced by Hurricane Hazel on October 15, 1954.

5. Topsal Idand. The generd trend toward lower high water mark devations south to north dong Topsall
Idand was due to the storm characteristics as demondrated by the theoretica storm surge studies presented
in Paragraph 3B. The draight arithmetic average of dl high water marks within the various towns are as
follows Topsall Beach (10.0 feet NGVD), Surf City (8.9 feet NGV D), and North Topsall Beach (9.2 feet
NGVD). No atempt was made to weight or place more rdiability on any of the observed high water
marks.

E. BEACH PROFILES

1. Introduction. Except for Kure Beach, the ocean beach areas impacted by Hurricane Fran consisted
primarily of low barrier idands with varying dune szes and dry beach widths fronting the dunes. The generd
elevation of the barrier idands landward of the dunes ranges from around 4 to 8 feet bove NGVD. Kure
Beach, which is actudly a mainland beach, has ground eevations ranging from around 10 to 15 feet above
NGVD. The difference in ground eevation between Kure Beach and the other beach areas impacted by
Fran may have contributed to some of the differences in high water marks observed in the area. For the
low lying barrier idand, the sorm surge combined with the scorm waves, overtopped the beach and flowed
across the idands into the bays on the back sde of the idands. At Kure Beach, the high landmass
prevented genera overtopping and may have created a partial standing wave aong the entire beachfront
as water was trapped and piled up between the nearshore bar and the beach. This helpsto explain why
dill water levels dong Kure Beach were somewhat higher than the devation of high water marks north and
south of Kure Beach. This phenomenon was not unique to Hurricane Fran as smilar trends in high water
mark eevations (survey performed by the Federal Emergency Management Agency) were observed
following Hurricane Floyd, which occurred in September 1999. Changes in beach profiles for the study
area before and after Fran are shown in the following paragraphs.
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2. KureBeach. A comparison of atypica profile dong Kure Beach before and after Fran is provided on
Figure 3E-1. Station 90+00 is located 9,000 feet south of the south end of the Carolina Beach project,
or a gpproximately the midpoint of the Kure Beach project. Due to the rdatively high eevation of the
landmass of Kure Beach, the upper portion of the profile was not flattened like Wrightsville Beach and
Carolina Beach, rather arather Sgnificant scarp formed adong the beach front. Aswasthe case of the other
aress, there was very little if any changein the location of the O-foot NGV D shordine podtion. However,
aong Kure Beach, the 0-foot NGV D shordine position was only 100 to 120 feet from the basdine. Thus
the pre-storm O-foot NGV D shoreline was 100 to 130 feet closer to the development on Kure Beach than
on Wrightsville Beach and Carolina Beach. Not only was the O-foot NGVD shoreline closer to the
development, the volume of sand on the profile seaward of the basdline was congderably less than that on
the two nourished beaches.

Figure 3E-1; Kure Beach Profile Station 90+00

Kure Beach Profile Station 90+00
Mar 1995 compared to Oct 1996
(Before and After Hurricane Fran)
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3. CadlinaBeach. Pre- and post-storm profiles for the Carolina Beach project are shown on Figures
3E-2to 3E-6. The station numbering is from south to north (in feet). Station 10+00 is located 1,000 feet
north of the southern terminus of the project, Station 40+00 is located near the Boardwalk area, Stations
90+00 and 100+00 are located in the northern portion of the project just south of the rubblemound
revetment, and Station 125+00 is directly in front of the rubble mound revetment. The pre-storm position
of the O-foot NGV D shoreline south of the rubble mound revetment section ranged from 225 feet to 270
feet from the basdine. Asis the case for Wrightsville Beach, the basdine is located dong the landward
cregt of the artificid dune. In the vicinity of the revetment, the O-foot NGV D shordine position was around
100 feet from the basdline. The basdine in the revetment areais located just landward of the crest of the
revetment. Changes in the profile configuration along the beach fill portion of Carolina Beach (i.e., south
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of the rubble mound revetment) related to Hurricane Fran were smilar to the changes observed dong
Wrightsville Beach, i.e,, alowering of the upper portion of the profile with very little movement of the O-foot
NGVD shordine. The crest devation of the dune fronting Carolina Beach hed naturdly increased to around
15 to 16 feet NGVD as aresult of the vegetative entrapment of aeolian sand transport. In spite of this
additiond dune height relative to Wrightsville Beach, Hurricane Fran dso generdly overtopped the dune
fronting Carolina Beach. The post-storm profiles south of the revetment, which were taken amost one
month after Fran, include some post-storm recovery, however, the net recesson of the O-foot NGVD
shoreline position was of the order of 10 to 25 feet, which again was comparable to the net recesson
experience a& Wrightsville Beach. Station 125+00, which is located in the revetment section of the project,
lost essentidly dl of the pre-storm dry beach area as the O-foot NGV D shordine had retreated to within
30 feet of the basdine.
Figures 3E-2; Carolina Beach Profile Station 10+00

Carolina Beach Profile Station 10+00
May 1996 compared to Oct 1996
(Before and After Hurricane Fran)
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Figure 3E-3; Carolina Beach Profile Station 40+00

Carolina Beach Profile Station 40+00
May 1996 compared to Oct 1996
(Before and After Hurricane Fran)
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Figure 3E-4; Carolina Beach Profile Station 90+00

Carolina Beach Profile Station 90+00
May 1996 compared to Oct 1996
(Before and After Hurricane Fran)
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Figure 3E-5; Carolina Beach Profile Station 100+00

Carolina Beach Profile Station 100+00
May 1996 compared to Oct 1996
(Before and After Hurricnae Fran)
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Figure 3E-6; Carolina Beach Profile Station 125+00

Carolina Beach Profile Station 125+00
May 1996 compared to Oct 1996
(Before and After Hurricane Fran)
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4. Wrightsville Beach Beach profile surveys were taken along Wrightsville Beach in May 1996 prior to
Hurricanes Bertha and Fran. Visud inspection of the beach following Hurricane Bertha did not indicate
much change 0 the profiles were not resurveyed after that event. Hurricane Fran, on the other hand, did
cause subgtantid reshaping of the beach profiles. Consequently, pogt-storm profile surveys of Wrightsville
Beach were made during the latter part of September, about 3 weeks after the ssorm. Comparative plots
of three beach cross-sections are provided on Figures 3E-7 to 3E-9. The station numbersfor the profiles
arein feet and represent the distance from the north jetty at Masonboro Inlet. Two of the three cross-

sections shown (stations 100+00 and 110+00) are located south of Johnnie Mercer’ sfishing pier (tation
119+20). Station 120+00 is located just north of the pier. All three cross-sections are in the area that has
historicaly experienced the highest rates of erosion for the Wrightsville Beach project. The pre-project
profiles indicate that the O-foot NGV D shordline was |located between 175 and 250 feet seaward of the
basdline where the basdine islocated along the landward crest of the artificia dune. The mgor impact of
Hurricane Fran on dl three profiles was the flattening of the dune portion of the profiles with very little net
movement of the O-foot NGVD shordine. In thisregard, the post-storm position of the O-foot NGVD line
ranged from 150 feet to 220 feet. Also, the comparative plots show what appears to be some profile
accretion above O-foot NGVD. This apparent accretion was the result of post-storm profile recovery,

which generdly begin immediately upon the return of norma wave conditions.

Figure 3E-7: Wrightsville Beach Profile Station 100+00

Wrightsville Beach Profile Station 100+00
May 1996 compared to Sep 1996
(Before and After Hurricane Fran)
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Figure 3E-8; Wrightsville Beach Profile Station 110+00

Wrightsville Beach Station 110+00
May 1996 compared to Sep 1996
(Before and After Hurricane Fran)
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Figure 3E-9; Wrightsville Beach Profile Station 120+00

Wrightsville Beach Profile Station 120+00
May 1996 compared to Sep 1996
(Before and After Hurricane Fran)
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5. Topsalldand. Sincethere are no Corps shore protection projects dong the coadtline of Topsail 1dand,
there are no recorded beach profiles of the area.
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CHAPTER 4
GEOLOGY

A. ROLE OF THE GEOLOGIC FRAMEWORK

1. Introduction Data concerning the impact of Hurricanes Bertha and Fran in 1996 upon the
North Carolina coastline suggests that the underlying geologic framework played a varying
influential role in determining the shoreline response and subsequent beach recovery along
various shoreline segments. Each shoreline reach within a 115km long impact area between
Cape Fear, NC on the south and New River Inlet on the north, as well as different segments of
the same shoreline reach, responded with varying degrees of susceptibility to damage and
recovery. Some coastal segments (CarolinalKure Beaches and Wrightsville Beach) have
recovered through natural processes and profile manipulation; however, many severely impacted
areas (much of Topsail Island) are now at an even greater risk due to the sand deficit produced
by recent storms. See Figure 4-1 for a map of the study sites and the adjacent environment. This
chapter summarizes the work performed by Cleary (1999). The entire Cleary (1999) report is
provided as Appendix E Site-specific geologic settings of the six study sites (Kure Beach,
Carolina Beach, Wrightsville Beach, Topsail Beach, Surf City and North Topsall Beach) are
covered. The study is approached from the perspective of how the underlying geologic
framework (beneath the shorelines and shoreface) might have influenced the individual shoreline
segments response to the hurricanes. Factors that are believed to have created commonalties and
differences in responses are identified and the mechanisms are described and when possible
supported by field data.

2. Methods and Approach To accomplish the objectives, critical databases (i.e., seismic,
sidescan, vibracore, and surface sediment, etc,) were integrated from the shoreface with data
from each of the shoreline reaches. The study sites consist of both headland and barrier
segments for which there are a variety of onshore and offshore data.  Various levels of quality,
completeness, and interpretation characterize these data. Sidescan sonar and high-resolution
seismic surveys are available for the offshore portion of most of the study sites. Some of the
sidescan sonar and seismic data exist in Geographic Information System (GIS) coverage that
have been used to define salient morphological features and the specific nature of the shoreface.
Key elements that have aided the interpretation of the remotely sensed data are extensive diver
seafloor observations, and "field" maps describing the shoreface. From these data, mosaic maps
of the seafloor, geologic facies maps, geologic cross sections, morphological maps of the
shoreface and 3-dimentional models for some of the study sites were generated.

3. Geologic Setting. The coastwise configuration of the entire North Carolina coastline reflects
major differences in the heritage derived from the underlying geologic framework. Cape
Lookout separates the North Carolina coastal system into two large-scale coastal provinces.
Each province has a unique geologic framework that results in distinctive types of headlands,
barriers and estuaries. The study sites are located within the southern province that extends from
Cape Lookout south to Sunset Beach, NC.  Primarily relatively old rock units underlie the
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Figure 4-1: Location Map of the Study Site with Generalized Geologic Data

region. These rocks which range in age from the Upper Cretaceous through the Pliocene are
associated with Carolina Platform which underlies the region (Figure 4-1). This figure is a
generalized geologic map of the continental shelf (after Snyder, 1982). Primarily Oligocene
units that are often incised by channel complexes of varying age front study sites. Headland
areas are also shown. Pleistocene units crop out across much of the shoreface from south of Fort
Fisher to Masonboro Island.  This structure platform has risen dightly causing the rocks to dip
to the north and east, causing them to be truncated by the landward migrating shoreline land
shoreface system (Riggs et a., 1995). Consequently, an erosional topography exists along the
southern coastal province with exposures of these rock units on the shoreface. Scattered
Peistocene rock units occur in the far southern reaches of the study area particularly off the
Carolina/Kure Beach headland segment. The storm impact area can be further subdivided into a
series of shoreline reaches based upon different spatial orientation of the shoreline, shoreface
gradient and salient bathymetric features such as shore-attached ridges and hardbottom features.
These variables determine the nature of the storm and hydrodynamic settings that define the
specific shoreline physiography, storm response and beach recovery.
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B. SUMMARY OF SITE SPECIFIC CONTROLLING FACTORS

1. Carolina and Kure Beaches

a. Carolina Beach is comprised of two distinct morphologic components. A barrier spit
forms the northern 4.9m of shoreline. Approximately 2.7km of the southern portion of the
barrier is developed. The northern 1.1km of the developed section is fronted by rip-rap. The
remainder of the spit that extends to Carolina Beach inlet is undeveloped and is highly
susceptible to overwash.  The subaerial headland portion of Carolina Beach extends
approximately 1.5km in a southerly direction to the northern limits of the Town of Kure Beach.
The modern sand prism along this portion of the barrier ranges from 4.0 to 7.0m in thickness.
The basal portion of the thicker sequences is comprised of isolated pockets of inland fill. The
thinner sequences are located along the undeveloped spit section where lagoonal mud and peat
outcrops are found along the foreshore area north of the rip-rap.

b. The Town of Kure Beach, along with the Fort Fisher enclave to the south, is located
along the remainder of the subaerial headland. These headland beaches are comprised of very
thin units (less than 2 to 3m) of modern sand resting on Pleistocene units of calcarenite or friable
humate sandstones. Post-storm photographs clearly show the perched nature of this headland
reach. While the modern beach is indeed very thin, the higher elevations associated with the old
headland topography probably helped reduce the impacts of the elevated water levels and
associated overwash.

c. The mgority of overwash and severe structural damage that occurred along Carolina
Beach was restricted to the northern portion of the developed section in the vicinity of the rip-
rap. This chronic erosion zone has historically been subject to frequent overtopping during
storms since the emplacement of the rip-rap in the late 1960's and early 1970's. Erosion of the
artificia dune and berm did occur along the remainder of the Carolina Beach oceanfront to the
south but overwash and structural damage was very minimal. Overwash was restricted to the
dune walk-overs and along the low, flood-prone section near Carolina Lake, a turn of the century
inlet zone.

d. Moderate storm damage and overwash occurred along the topographically higher
Kure Beach oceanfront. Shoreline recession damage to the oceanfront homes was related to the
lack of a wide beach and dune system. Because the backshore area is topographicaly high,
overwash and structural damage was restricted to the oceanfront.

e. The complex bathymetry of the shoreface off this headland influenced shoreline
segment stems from the development of the large relict northeast trending shore attached ridges
on top of the hardbottoms of varying lithology and relief. Although hardbottoms are widely
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distributed across this headland shoreface, scarps appear to be more numerous and of higher
relief along the southern portion of the headland off the Kure Beach upper shoreface. The higher
relief and more frequent scarps in the southern portion of area probably played a minor role in
the initial impact of the storm. The degree of recovery that might have taken place was masked
by the artificial manipulation of the beach profile. The amount of recovery that would have
occurred in this reach is open to question. It is likely that forebeach buildup would have taken
place but it would have been limited due to the complex offshore bathymetry.

f. Along Carolina Beach, natural recovery was probably limited to forebeach accretion
involving material returned to the beach from the offshore area down to depths of approximately
8m. The pre-storm condition of this entire shoreline reach coupled with the convoluted nature of
the upper shoreface and the morphology of the hardbottoms, must have impacted the surge
elevations and dictated transport pathways across the uplands and shoreface.

g. Much of the sediment cover in this areais derived from the degradation of the coguina
hardbottoms and the reworking of the paleo-channels that are incised into the bedrock. Although
this shoreface generally has more sediment cover than North Topsail Beach or Surf City, long-
term natural recovery of the shoreline is highly unlikely given its erosion history and the
complex nature of the shoreface.

2. Wrightsville Beach

a. Wrightsville Beach is a 7.3km long barrier isand composed of two former barrier
segments. Data show the entire barrier is underlain by inlet fill deposited during the past several
hundred years. As a result, the barrier platform is relatively thick in comparison to the modern
beach on the headland influenced shoreline segments. In this area, modern sand sequences are
up to 10m thick. Beneath the basal inlet sequence are early Holocene lagoonal muds, compact
Pleistocene muds and older limestone units.

b. The maority of the significant overwash and the limited structural damage occurred
within the chronic erosion zone that developed along the mid barrier shoreline bulge. Other
sections of Wrightsville Beach, located south of Mercer's Pier and the shoreline bulge, were
impacted only slightly. Much of the remaining portions of Wrightsville Beach south of old
Moore's Inlet has been frequently renourished. As aresult, much of the barrier was characterized
by a relatively wide artificial beach/dune system during the summer of 1996. Overwash and
erosion was limited along almost the entire southern section of the beach. Similarly, along the
shoreline reach north of old Moore's Inlet, dune erosion occurred but for the most part overwash
was restricted to the breaks within the foredune and within the dune swales. Little structural
damage occurred along the northern part of Wrightsville Beach (Shell 1sland).




Chapter 4 — Geology

c. The numerous shore-normal rippled scour depressions that are characteristic of the
shoreface off Wrightsville Beach and the scattered hardbottom areas in all likelihood did not play
a significant role in determining the impact of the 1996 hurricanes on the Wrightsville Beach
shoreline. However, the coastwise shape of the shoreline coupled with cross-shore morphology
may have been responsible for the seaward transport and loss of an unknown volume of beach
material during the storms. The cumulative effect of this asymmetric cross-shore flux lead to a
historical sediment deficit that trandlated into net shoreline retreat. The large volume of beachfill
frequently placed along the shoreline during the past four decades helped to offset the above-
mentioned |0ss.

d. Historic aeria photographs of Wrightsville Beach dating from the late 1920's and
early 1930's clearly show numerous groin and bulkheads indicating that erosion was rampant
along the entire barrier. The island was exceptionally narrow with a poorly defined foredune. It
is surprising that Hurricane Hazel in October 1954 (a category 2 storm) did not cause more
damage when one considers the poor condition of Wrightsville Beach at that time. Aeria
photographs suggest that North Topsail Beach had a healthier beach/dune system in the early
1980's than Wrightsville Beach did before the landfall of Hurricane Hazel in 1954. Without the
extensive restoration that has occurred since the mid 1960's, the impact of Hurricane Fran on
Wrightsville Beach would have been extreme, and likely worst than the damage recorded along
Surf City and North Topsail Beach.

3. Topsail Beach

a. Topsail Beach comprises the southernmost 7.2km of Topsail Island. The southern
11km segment of Topsail 1dand is a variable relief spit that has extended to the south during the
migration of New Topsail Inlet over the past 300 years. The barrier platform's sand prism is
relatively thick consisting of and 8-11m sequence comprised of inlet fill, beach, washover and
dune sediments. The southern 2km section of this shoreline reach has been a chronic erosion
zone and the site of extensive overtopping during recent storms. The erosion stems from the
realignment of the shoreline (Topsail Beach) as the inlet migrated to the southwest. The
attendant planform changes have led to dramatic changes over the past 20 years.

b. As a esult of the inlet's influence on the updrift barrier planform, small-scale
replenishment projects that have been undertaken have had little chance of success in mitigating
the erosion. Although asmall artificial dune and berm was in-place during the summer of 1996,
it did little in the way of mitigation storm-related erosion and extensive overwash. The
morphologic changes and structural damages that did occur are related more to the pre-storm
condition of the barrier than to the geologic controls.

C. The shoreface off Topsail Beach is similar to the area off Surf City. Much of the
nearshore area, out to depths of 10-14m, consists of Oligocene limestone and siltstone
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hardbottoms with a thin (less than 1.0m) veneer of silt and fine sand. The shoreface morphology
is generaly flat with occasional 1.0m scarps. It is unlikely that this type of shoreface geometry
played a significant role in the storm's impact on the adjacent beach.

4. Surf City.

a. Surf City, occupying the central portion of Topsail Island, was one of the most
severely impacted shoreline reaches within the impact area.  The low-lying barrier in this area
fronts an extensive 200 year-old vegetated flood tidal delta The pre-storm beach was
characterized by low relief, scarped and often discontinuous, foredunes. The sand prism that
comprises this section of the barrier is relatively thick (8-10M). The lower portion of the barrier
platform along much of this area overlies a sequence of inlet fill associated with Stumpy Inlet
and pre-historic inlets. Lagoonal mud and peat underlie the northern and southern extremities of
Surf City.

b. It is interesting to note that the worst damage and overwash occurred along the
shoreline stretch that fronted the most recent position of the wide and ephemeral Stumpy Inlet.
The 4.5km long barrier shoreline segment south of the old inlet, as well as portions of the
shoreline north of Surf City, were the site of the only minor overtopping, although dune erosion
did occur. These aforementioned areas, where overwash was confined to topographically higher
oceanfront areas, may represent the former inlet's shoulders where larger, wider and older dune
fields are present. One can speculate that the closure of the old inlet led to planform (island
curvature) changes. Following the closure of the former breach this area did not develop a
significant dune field due to alack of a suitable sediment source.

c. The erosion history over the past decade has resulted in a narrowing on the foredune
along the former inlet zone. Furthermore, development in the area has lead to the remova and
alteration of the character of the low relief backbarrier dune field, which has increased the hazard
potential.

d. Itisunlikely that the geology of the shoreface had a significant effect on the storm's
impact in this area. The offshore area beyond depths of 8-9 m is characterized by extensive low
relief hardbottoms mantled by a patch veneer of fine sand of variable thickness. The Oligocene
limestone that is exposed across the shoreface is extremely indurated and is not a maor
contributor of new sediment to the overlying modern sediment cover in the long-term. However,
some contributions from the hardbottoms were evident along the post-storm beach that was
littered with extensive coarse sand and limestone clasts derived from the immediate offshore
area.

e. No detailed morphologic information about the shoreface morphology exists for this
area. Fathometer profiles indicate that occasiona low relief landward facing scarps and flat
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hardbottoms mark the shoreface off Surf City, seaward of 8-9m water depth. The exact role the
geologic framework played in the storm's impact on this shoreline segment and the subsequent
beach recovery is difficult to determine.

5. North Topsail Beach

a. North Topsail Beach comprises the northern 18.7km of Topsail Island. Much of this
barrier segment is influenced by the New River submarine headland and as a result the modern
barrier sand prism is relatively thin (less than 2.0m). The barrier is perched on top of a variety of
older materials including peat, lagoonal mud and compact Pleisocene mud. The extensive
outcrops of peat and cedar stumps along much of the central portion of this shoreline segment
testify to the very low volume of material comprising the barrier platform.

b. Cores, aeria photographic data and vegetation patterns indicate the majority of this
shoreline reach has been a chronic washover zone for the past several centuries. The high
susceptibility to repeated overtopping suggests the vulnerability of this areais related to a lack of
significant recovery between events. The 1996 pre-storm condition of the beach played a direct
role in the severity of the damage and the extensive erosion recorded along North topsail Beach.
The pre-storm condition was related to the scarcity of sand in the hardbottom dominated
nearshore system.

c. The factors that were instrumental in the long and short-term erosion and morphologic
development of much of the northern section of Topsail Island can be related to the geologic
nature of the shoreface. The morphologic expression of the submarine headland in the form of
extensive moderate relief hardbottoms probably played a significant role in both the storm's
impact and the shoreline recovery over the short and long-term. The regional limestone
platform-like feature along with the localized bathymetric highs (scarps) must have influenced
the incident waves and storm-generated currents along and across the shoreface. Over the recent
geologic past these features have played a significant role in the morphology of Late Holocene as
well as modern barriersin this area of Onslow Bay.

d. The geometry and composition of the hardbottoms has also affected the recovery of
the shoreline, not only after the storms of 1996, but previously events as well. The irregular
karstic surface that comprises the shoreface is composed of a series of irregularly space,
landward facing scarps and intervening plateaus or depressions. The northern portion of the
shoreface north of Alligator Bay has more numerous and higher relief scarps. This segment of
the shoreface has little or no sediment cover and lies adjacent to the shoreline reaches that
experienced the greatest damage and the most severe erosion and overwash. The bathymetry of
the central and northern portion of the shoreface off North Topsail Beach shows several shore
normal topographic lows that extend across much of the shoreface. These linear channel-like
features are constrained by topographicaly high hardbottoms and may represent solution
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features that have been modified by fluvia processes during low lands of sealevel. Regardless of
origin, they appear to act as conduits for cross-shore transport of material to the inner-shelf. A
mosaic of migrating ripple fields covers the graded storm sequence recovered from beneath these
conduits. The loss of sediment via these channel-like areas and the trapping ability of the
numerous irregularly spaced scarps precludes shoreline recovery along this area.

e. The durability and quartz-poor nature of the limestone units that form the extensive
outcrops does not lend itself to the production of large volumes of new sand-sized sediment by
shoreface processes. The orientation of the shoreline and the frequent storms that impact this
sediment-starved shelf sector have combined to produce a barrier segment that is poised to
migrate rapidly. The rollover is directly related to the storm history and the geologic nature of
this morphologically unique shoreface.

C. THE GEOLOGIC FRAMEWORK AND THE SHOREFACE PROFILE

1. Value of the Shoreface.

a. The shoreface is the link that couples the shoreline and the inner shelf. This complex
environment can act as a source, barrier or avenue for bi-directional transport of materials
between the beach and the deeper offshore areas. The geologic and oceanographic processes
operating across this environment play a variable role in determining how a shoreline reach will
respond to individual storms and the collective impact of storms over the long term.

b. The shoreface has traditionally been thought of to be sand rich and achieve an
equilibrium shape relative to wave climate and surficial sediment grain size (Bruun, 1954; Dean,
1977 and Zeider, 1982). Bruun (1954 and 1962) first proposed an equilibrium profile equation.
Bruun (1962) used this equation to develop a ssmplistic model for coastal evolution, in which a
constant profile shape translates landward and upward in response to sea-level rise. Dean (1977
and 1987) later focused on the importance of grain size in describing shoreface response and
evolution. The concept of an equilibrium profile relies on several important assumptions about
the nature of the shoreface and processes that are not consistent with most shoreface systems
(Pilkey et a., 1993 and Thieler et a., 1995). The concept has been accepted as valid and is a
fundamental principle behind most analytical and numerical models of shoreline change used to
predict shoreface/shoreline behavior (e.g., Hansen and Lilycrop, 1988; Hanson and Kraus, 1989
[the GENESIS model] and Larson and Kraus, 1989).

2. Geologic Framework.

a. The complex geology of the six sites, particularly the headland shorefaces, does not
lend itself to the application of equilibrium profile-based models. In addition to the fact that
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most shorefaces are dominated by patchy hardbottoms of varying relief, there is a lack of a
consistent grain size across the profile and therefore grain size variations are too complex to be
described by simple equations and parameters. It is not uncommon for the grain size to vary
from silt to boulders within a distance of several metersin the vicinity of hardbottoms.

b. In southeastern North Carolina, the geologic framework is the predominant control on
shoreface profile shape. On these shorefaces, the stratigraphic framework controls outcrop
patterns, hardbottom distribution, bathymetry, and ultimately sediment characteristics. The
shapes of these bedrock-controlled shorefaces are further complicated off the headland reaches
by the relict ridges and karst topography inherited from previous lower stands of sea level. The
resulting bathymetric signature is not characterized by shore-paralel isobaths, and therefore,
does not lend itself to numerical modeling.

c. During individual storm events, cross-shore transport of sediment on these hardbottom
dominated shorefaces is more complex than would be envisioned by simple shoreface
equilibrium models. Although the influence of the hardbottoms on cross-shore transport is yet to
be determined, one can speculate that in areas where sediment cover is very thin and hardbottom
relief is relatively high, their impact on the benthic boundary layer structure and bed shear stress
must be substantial.

d. Off North Topsail Beach, the bottom morphology and bed roughness related to the
irregular spacing and relief of the scarps, coupled with the patchy nature of the corrugated, flat,
algal-encrusted hardbottoms, dictated the ultimate shoreline erosion patterns and the direction
and volume of sediment transport. Along the intra-headland barrier segments of Surf City,
Topsail Beach and Wrightsville Beach the role of the underlying geologic framework was
minimal. In a relative sense the shoreface geology off the headland segment at Carolina-Kure
Beach, characterized by numerous low relief ledges, flat hardbottoms, and large shore-attached
ridges, played a moderate role in dictating the observed erosion and recovery patterns.
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CHAPTER 5
ECONOMIC DAMAGE ASSESSMENT

A. INTRODUCTION

1. Ovaview. Anandyssof economic damages was conducted on three idands encompassing sx North
Carolinatowns (Kure Beach, Carolina Beach, Wrightsville Beach, Topsail Beach, Surf City, and North
Topsal Beach). Both Carolina Beach and Wrightsville Beach have had Corps of Engineers shore protection
projectsin place for gpproximately 30 years. The other communities did not have shore protection projects
at the time of Hurricane Fran in September 1996. Demographics for the study area were aso collected.
The sources of this data were Wilmington Digtrict, U.S. Army Corps of Engineers (Corps); Federd
Emergency Management Agency (FEMA); local town and county managers; and building inspectors.

2. Economic Evauation Process.

a. Report Evaudion. Inthisreport, Federd Insurance Adminidration (FIA) dams data were used
asan indicator of actud damages to structures and persond property. These dlaims were compared in the
areas that had a shore protection project to those areas that did not when Hurricane Fran struck on 5-6
September, 1996. Thisis different from atypica Corps planning report that caculates a benefit-cost ratio
and maximum net benefits. “Benefits’ of the existing shore protection projects, per se, were not caculated
in this particular study; nor were “damages prevented.” Both of these measures involve measuring
hypothetica Stuations as described below.

b. Traditiona Benefit Evaluation. The Corpstraditiondly caculates benefitsin the planning phase
of aproject. The “without project” existing conditions are compared to hypothetically modeled “with
project” conditions. Neither Stuation can be measured directly, because both the without and the with
project conditions are protected into the future, usually for a period of 50 years.

c. Damages Prevented Evaludtion. The Corps also often calculates “ damages prevented” when
aproject has been built and a storm has hit the area. Models are run to estimate damages with the project
in place (and cdibrated to actud storm data) compared to the hypothetical Stuation of what the damages
would have been if the project was not in place.

B. DEMOGRAPHICS

1. Introduction The Greater Wilmington area, which encompasses a significant portion of the report study
area, has been and il is one of the fastest growing areasin the country. Because of this, the 1990 Census
demographic information gives us only apartid picture of the demographics of thearea. At thetime of the
collection of the data for this report, the counties of New Hanover, Pender and Ondow were in the process
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of automating their data. Current data, therefore, were often limited. Caution must dso be taken when
using 1990 census informetion, particularly with meesures of economic activity.  Information on the counties
as awhole is given for compardive purposes to highlight the differences in demographics between the
counties and the beachfront communities in those counties.

2. Land Areaand Incorporation. Significant portions of the counties being examined are unincorporated,
though incorporation continues. Incorporated towns and cities in the Sudy area have jurisdiction over some
of these unincorporated aress. This is the case with the smdl areas of Hanby Beach and parts of
Wilmington Beach, which fdl under Kure Beech's jurisdiction. The remainder of Wilmington Beach is under
CardlinaBeach'sjurisdiction. Surf City just annexed the Ondow County portion of Surf City in 1988, and
has had a samdl amount of unincorporated mainland area under itsjurisdiction snce 1992. Prior to 1990,
North Topsail Beach was an unincorporated part of Ondow County, known as West Ondow Beach.
Because North Topsall Beach was incorporated right after the 1990 census was conducted, a limited,
specid census had to be undertaken. This ongoing process of recent incorporation and extrajurisdictiona
territory makes the measurement of demographics even more chalenging. Land area and incorporation
datesare summarized in Table 5-1. Throughout this chapter, the demographics and damages associated
with Wrightsville Beach are for the entire incorporated area of town of Wrightsville Beach. This area
includes not only the 14,000-foot long ocean front Corps project (from Masonboro Inlet north to
goproximately Moores Inlet Street) but aso indudes the northern part of Wrightsville Idand (Shdll 1dand),
Harbor 1dand and mainland Wrightsville Beach (see Photo 2-4 and Figure 2-4).

Table5-1: Land Areaand Incorporation Date

Area Land Area (sq. mi.) Year Chartered
New Hanover County 199 1759
Kure Beach 0.8 1947
Carolina Beach 1.7 1925
Wrightsville Beach
1.3 1899
Pender County 871 1875
Topsail Beach 5.0 1963
Surf City 4.7 1949
Onslow County 767 1734
Surf City 0.5 1998
North Topsail Beach 14.7 1990
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3. Population

a. Introduction While the entire study area being examined has experienced tremendous growth
in the 1990s, most of the beach communities have experienced growth equad to or greeter than that of the
surrounding county. The exception to thisis Wrightsville Beach. Thisis because Wrightsville Beach has
been an established beach resort community throughout the 20th century and had little remaining
undeveloped land even by 1980. Many of the sngle-family homes are summer homes and have beenin
the family for years.

b. Satigics. Census daidics for population and economic activity of these beach communities are
greatly understated as the census only takes into account permanent residents of the area. In addition to
permanent resdents, there are two categories of seasonal populations; they are “summer population” and
“day trippers’. Summer population includes those on overnight to extended stays in both rental houses and
motels. Day trippers are defined as vidtors from the loca area. Seasond populationsin this area can soar
to over ten times the permanent population. Seasond population is estimated in the land use plans
produced under regulation by the North Carolina Coasta Area Management Act (CAMA).

c. Spedfics. New Hanover County, the smdlest but most densdy developed county, containsthe
city of Wilmington (population 62,968) and the towns of Kure Beach, Carolina Beach and Wrightsville
Beach. The remainder of the county is unincorporated. Pender County, abutting New Hanover County
on the north, is thought of as abedroom suburb of Wilmington and has experienced the greatest growth of
the three counties in the study area because of the availability of undeveloped property. Itisthe largest of
the three counties and the least densdy populated. Most of the county is unincorporated with the exception
of afew smdl towns, the largest being the county seat of Burgaw (population 3,519). Ondow County,
adjacent to Pender County on the north, contains the city of Jacksonville, which experienced 149 percent
growth in population from 1990 to 1996. Jacksonvilleisthe county seat and has a population of 75,527.

Ondow County aso contains afew smdl towns and the Camp Leeune Maine CorpsBase. The summary
of this population data and the drastic increases in summer population are contained in Table 5-2.
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Table 5-2: Population
1980- 1990- 1996
1990 1996 Density Summer
Area 1980 1990 change 1996 change | (person/ | Population/
sg. mi.) Day trippers
New Hanover County 102,779 | 120,284 | 17% 143,430 | 19% 721 n/a
7,000/
Kure Beach 611 619 1% 738 19% 923 2,000
13,000/
Carolina Beach 2,000 3,630 | 82% 4690 | 29% 2,759 25,000
10,000/
Wrightsville Beach 2,789 2,937 5% 3,165 | 8% 2,435 35,000
Pender County 22,262 | 28,855 30% 35,978 | 25% 41 n/a
Topsail Beach 220 346 57% 434 |  25% 87 7,000/
1,000
Surf City 390 653 67% 810 24% 172 9,000/
n/a
Onslow County 112,784 | 149,838 33% 150,216 0% 196 n/a
Surf City n/a 317 nl/a 337 6% 674 | Included in
Pender Co.
North Topsail Beach 14,000/
n/a 947 n/a 1,091 | 15% 74 3,000

n/a = not available

Sources: 1980 and 1990 U.S. Census; N.C. Office of State Planning; CAMA Land Use Plans

4. Housng. The sudy area has a wide variety of housng induding both sngle family and multiple
occupancy, ranging from smaler traditiona beach cottages and mobile homes to luxury homes and high

rises. Pricesrange from less than $100,000 to millions
of dollars. Wrightsville Beach is the most affluent of the
gx communities in our sudy area and is the closest
geographicaly to amgor city (Wilmington). Because
the grester Wilmington aea is experiencing

“From 1994 to 1995, local realtors estimated that
housing costs jumped as much as 14 percent on
average with an increase of as much as 20 to even
40 percent in upscale beach communities.” (p. 349,
The Insiders’ Guide to Wilmington & North
Carolina’s Southern Coast).

tremendous growth, housing prices throughout the

Sudy area continue to escdate, driven by demand, though differing county to county. Median house vaues
from the 1990 U.S. Census for the communities are grosdy underestimated compared to 1996 val ues.

Vaues have increased 200 to 300 percent since the 1990 Census. Summarized in Table 5-3 are the
housing dtatistics and tax rates. Note that town tax rates shown in the table are in addition to the county

tax rate.
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Table5-3: Housing Statistics

1996-97

Housing Units Units Units %SF: Median Tax

Units Owner Renter Vacant %MF: Value Rate/

Area (1990) Occupied | Occupied al %Other b/ [ (1990) c/ $1000
New Hanover County 57,076 30,193 17,946 8,937 63:28:9 $72,000 | 0.645
Kure Beach 937 173 109 655 56:40:4 $81,300 0.39

Carolina Beach 3,342 801 804 1,737 38:61:1 $80,100 [ 0.40
Wrightsville Beach 2,413 715 686 1,012 46:51:3 | $192,700 | 0.235
Pender County 15,437 9,182 1,930 4,325 61:6:33 $60,200 0.65
Topsail Beach 998 136 43 819 79:21:0 | $149,000 0.27

(Pender/Onslow)

Surf City 2,242 306 188 1,748 44:18:38 $98,900 0.45

Onslow County 47,526 21,835 18,823 6,868 61:13:26 $62,200 | 0.644
North Topsail 2,173 n/a n/a n/a n/a n/a 0.29

Beach

a/ Including seasonal dwellings b/ Mobile homes, boats, etc.

n/a = not available
Sources: U.S. Census

C. DAMAGES

¢/ Owner-Occupied

1. Overview. An economic damage assessment to ascertain sorm effects at the areas that were not

protected by Corps projects (Kure Beach and
Topsal 1dand) in comparison with those that
were protected by Corps projects (Carolina
Beach and Wrightsville Beach) for Hurricane
Fran was performed. The primary focus was on
the comparative anaysis between protected and
unprotected areas rather than an absolute
quantitative andyss. Comparison of damages
was done by examining totd damage based on
FIA camsin the communities compared to the
communities total property bases. Damages
were further andyzed to compare differencesin
oceanfront properties for those communities
protected by Corps shore protection projects to
those not protected.

“Expect to pay an average of $500,000 for virtually any
single-family home[in Wrightsville Beach] and don't be
surprised by much higher prices, since the available
land isall but exhausted in terms of development on the
island...Homes can be purchased for aslow as $80,000
and can rise to a half-million dollars along Carolina
Beach, Wilmington Beach, Kure Beach and Fort
Fisher...Unlike the decidedly pricier beaches to the
south, Topsail Island offers homes for $100,000 or less
in some cases. New 2,000-square-foot homes can cost
as much as $250,000 to $300,000 on the ocean, athough
there are not yet many homes this large on the island.
Thenormismore 1,500 to 1,800 sguare feet, and prices
average $175,000 to $200,000” (p. 358-360, Thelnsiders
Guide to Wilmington & North Carolina's Southern
Coast).
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2. Information Source. FIA clams were the primary source of damage data. Other sources were
interviews with loca community officias, FEMA Damage Survey Reports and Building Performance
Assessment report, and CAMA land use plans. FIA daims are useful when evauaing damages dueto the
absence or presence of a shordline protection project because flood insurance covers damage caused by
gorm surge, wave wash, tida waves or overflow of any body of water from above-normd cydlica levels

FIA flood insurance does not cover property damage caused by wind-driven rain entering your home or
bus ness through openings in the roof or walls. Rainwater and wind damage from a roof, window or wall
opening would, in most cases, be covered by standard homeowners policies. Because of this exclusion
of wind and ran damage from flood insurance policies, this udy does not overestimate damages that could
be prevented by a shordline protection project. A building and its contents are treated separately so either
or both can beinsured. For residentid buildings, coverage of up to $250,000 is available; up to $100,000
is available for contents. Coverage for nonresidential structures and separate coverage for contents are
available up to $500,000 each.

3. Damages by Community.

a. Kure Beach. Structural damage to development dong the oceanfront of Kure Beach was
extensive, as no structure escgped damage and severa weretotdly destroyed. Photos 5-1 to 5-4 provide
graphic visuds of the type and extent of damage in Kure Beach. Close examination of Photo 5-2 shows
acompletely denuded beach with exposure of old marsh and peet deposits that are exposed on the beach
surface. Photo 5-3 was taken in the vicinity of the Kure Beach Pier and shows damage to a timber
bulkhead and complete destruction of a parking lot located immediately behind the bulkhead. Photo 5-4
isan aerid shot showing at least three buildings that gppear to have been totdly destroyed.

Photos 5-1, -2, -3, -4; Kure Beach after Fran

Photo 5-1

Photo 5-2
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Photo 5-3

b0

-

Photo 5-4

b. Carolina Beach. Structurd damage behind the beach fill portion of the protection project
fronting Carolina Beach was limited to that caused by wind, rain, and flooding from the sound side. Also,
some floodwaters entered the town from the north around the north end of the rubble revetment aswell as
wave overtopping of the revetment. While the storm surge devation combined with the accompanying
storm waves generaly overtopped the dune, the only significant impact of this was the deposition of sand
indde the lower floors of ocean front buildings and adong the road paraleling the ocean. There was
essentialy no wave impact damage. Not only did the ocean front structures escape serious damage; the
dune walkover structures were not damaged. Photos 5-5 and 5-6 show the typica condition of Carolina
Beach following Hurricane Fran. In Photo 5-5, which was taken in the vicinity of the Boardwak business
area, dune overtopping is evidenced by sand ripplesin the dune. In spite of this overtopping, the dune

Photos 5-5 and 5-6; Carolina Beach after Fran

Photo 5-5
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walkover structures are il intact. On Photo 5-6, which was taken north of the Boardwalk area, there is
an obvious absence of sgnificant damage to the dune, the dune grass, and the ocean front structures. The
only significant damage to ocean front structures in Carolina Beach occurred to severa buildings located
behind the rubblemound revetment that covers the northern 4,000 feet of the project. Some of the damage
occurred to older Structures that did not meet current first floor eevation requirements while others
gppeared to be damaged by floating piles and other debris that were carried shoreward from the fishing pier
that was completely destroyed by the storm.

c. Wrightsville Beach The storm damage reduction project, with its dune at elevation 13.5 feet
above NGVD, was generdly overtopped aong its entire length north of the Oceanic Pier (located
approximately 3,200 feet north of Masonboro Inlet). In addition to being overtopped, as shown by the
profile comparisons (see Chapter 3 Section E), a condderable amount of dune erasion aso occurred north
of the Oceanic Fer. Even though the dune was eroded and generdly overtopped, none of the ocean front
development recelved any substantia damage due to wave impacts or ssorm surge. This lack of wave or
surge related damage was attributed to the width of the beach above NGVD that existed prior to the sorm.

Pogt-storm photas of Wrightsville Beach are shown on Photos 5-7 to 5-9. Photo 5-7 was taken just north
of the Idander Condominium and is looking south toward Mercer’s pier.  As shown by the profile
comparisons, Hurricane Fran generdly destroyed most of the dune over the northern haf of the project area
but again causad no sgnificant damage to ocean front buildings. Photo 5-8 was taken looking south toward
Masonboro Inlet. This particular areais within the accretion fillet of the Masonboro Inlet north jetty and
is characterized by awide beach and substantia dune system. Thefillet areawas not overtopped during
Hurricane Fran. Photo 5-9 is an example of the type of damage experienced dong Wrightsville Beach,
which for the most part, was due to wind, rain, and elevated sound waters. The house shown on Photo 5-9
islocated just south of Johnnie Mercer’ s pier in the vicinity of basdine station 110+00.

Photos 5-7, -8, and —9; Wrightsville Beach after Fran

Photo 5-7 Photo 5-8
View looking south toward Mercers Pier View looking south toward Masonboro Inlet
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Photo 5-9
L Wrightsville Beach after

HurricaneFran
showing wind damage to
¢ ocean front structure

d. Topsal Idand.

(2). Damages. Prior to Hurricane Fran, most of Topsall Idand was fronted by a vegetated natura
dune with the exception of the southern 2-miles, which had a smal man-made dune formed by scraping
sand off the beach, and portions of North Topsail Beach, which aso was protected by a man-made dune.

Even though a dune did exist dong mogt of the idand, there was very little dry beach fronting the dune
during normd high tide. Hurricane Bertha, which hit the areain mind July 1996, severely weskened the
dunes. Hurricane Fran, which occurred eight weeks later, completed the job, destroying al of the man-
made dunes aong Topsail Beach and North Topsail Beach. Hurricane Fran aso destroyed most of the
natura dunes with the exception of gpproximatdy 2.5-miles of shordine in the Town of Surf City where the
landward portions of the dunes till remain. Hurricane Fran caused extengve erosion of the shordine,
rendering a mgority of the ocean front lots unbuildable and caused extensive structural damage to ocean
front structures as well as structures located on the second and third rows from the ocean. Examples of
the types of damage experienced along Topsal Idand are shown on Photos 5-10 for the Town of Topsall
Beach, 5-11 and 5-12 for the Town of Surf City, and Photos 5-13 to 5-16 for the Town of North Topsal
Beach.
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Photo 5-10; Town of Topsail Beach after Fran

Photo 5-11; Town of Surf City after Fran

5-10



Chapter 5 — Economic Damage Assessment

Photos 5-13 through 5-16; Town of North Topsail Beach after Fran

Photo 5-13

Photo 5-14

P

i SR L

hot_o 5-16

(2). I1dand Breaches. In addition to the damage to the dune and beach system, Hurricane Fran
breached the idand in gpproximately five locations, resulting in the cregtion of temporary inlets. Emergency
work performed by the North Carolina Department of Transportation and the naturd recovery of the beach
resulted in closure of four of the breaches within a few weeks following the scorm. However, the fifth
breach, which was located approximately 2-miles south of New River Inlet, remained open for dmost a
year fallowing Hurricane Fran. Photo 5-17 and 5-18 show two of the smaller breaches that occurred dong
North Topsail Beach. Photo 5-19 shows the northernmost and largest breach.  All three photos of the
idand breaches were made within afew days following the ssorm. Severd of the breaches dong North
Topsail Beach, including the northernmost breach shown on Photo NTB-7, occurred in low areas which
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had been bridged to prevent damage to wetlands when the highway was relocated landward in the 1980's.
Thelongevity of the northernmogt breech is testament to the scarcity of sand inthelittord system of Topsall
Idand as discussed in the Geology Chapter (Chapter 4).

Photo 5-17, -18 and -19; Breaches at North Topsail Beach following Fran

5-12



Chapter 5 — Economic Damage Assessment

4. Damage Comparison.

a. Percent Damaged. Kure Beach and Topsall Idand, both unprotected aress, sustained a greater
percentage of damage than did Wrightsville Beach and Carolina Beach, where there were shore protection
projects. The shore protection project at Wrightsville Beach is 14,000' in length, from Masonboro Inlet

The NFI Program has paid more than $126.9 million in north to gpproximately Moores Inlet Street on

claimsto 6,610 North Carolinians who suffered flood |osses, Wright_SVi”e |S|a_7d- It do_eS n_Ot provide
an average of $19,193 per claim. Before Fran, 362 loca | protection to manland Wrightsville Beach,

governments were participating in the NFI Programin North | Herbor |dand (also part of Wrightsville Beach)

Carolina. Since Fran, 29 more communities have joined and : . :
another 50 are taking theinitial steps. There are 69,053 flood or the northem part of theisland of Wrigttsalle

insurance policies in effect in the state, representing $7.8 | Beech (Shell Island). It is more appropriate to
billion in coverage. “ After One Y ear, FRAN assistancetops | compare percent damages, which normalizes

$800 million. [FI_EMA Qn-line Neyv;] _ This isar_1 increase | the damages, as opposed to absolute damage
‘E:\?é“j?ﬁ?;:égﬁa‘:vfagiﬂ]'"0” In coverage in 1995. | ymbers because of  the  difference in

demographics (median house vaue, number of
housng units land aea eic) of the
communities examined. Looking a damages (for those submitting FIA dlams) as a percent of value,
Wrightsville Beach and Caroline Beach had the lowest percentage of the property vaue damaged (Figure
5-1 and Table 5-4). Table 54 dso digplays the damage submitted for clams as a percentage of the
communities taxable property. Thisfigure accounts for not only the number of structures but dso for their
vadue Actud damsinformationisin Table 5-5. Note that the average clam paid reflects the cost of the
dructure. The average cost of a ructure in Wrightsville Beach is most expensive, often more than double
the costs of structures located in neighboring communities. It is dso important to note that North Topsall
Beach encompasses Coadtal Barrier Resource Act (COBRA) areas, which cannot participate in the
Nationd Flood Insurance Program (NFIP), and therefore flood insurance is not available. Lack of clams
in COBRA areasisnot an indication of lack of damages.

b. Structures Destroyed. Perhaps one of the most telling Satistics is the number of Sructures
destroyed. Thisis because the Structures were largely destroyed by eroson and wave runup. Thisisthe
type of damage a shordine protection project is designed to prevent, but the presence of a shoreline
protection project does not guarantee the absence of damages in acommunity. Often flooding comes from
back bay sources that cannot be prevented by an oceanfront shoreline protection project. Because the
examined communities are barrier idands, they dl experienced flooding from the sounds and rivers
[Intracoastal Waterway] located between the idands and the mainland. Wrightsville Beach had no
sructures destroyed. Carolina Beach had only twenty structures destroyed (only two of which were
oceanfront) and it is the community with the largest number of housing units: Both of these communities hed
a Corps shordline protection project protecting them. The number of structures destroyed is shown in the
last row of Table 5-4.
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Table 5-4: Damages- Hurricane Fran
Carolina Wrightsville Topsail North Topsail
Item Kure Beach Beach Beach 1/ Beach Surf City Beach
Total Damage $35,124,130 $11,079,701 $15,121,149 $7,180,241
2/ $11,079,701 $17,963,826
Maximum
Property Value $33,083,619 $178,243,466 $379,053,231 $130,713,621 $57,733,091 $54,718,225
2/
% Damage:
Value 33% 10% 9% 12% 23% 13%
June 1996
Total Property $156,650,598 $440,061,463 $786,013,213 $194,365,237 | $263,977,360 $274,177,870
Value 3/
Damage: 7% 45 4% 8% 5% 26%
Value 4/
# of Structures 20 20 0 30 70 320
Destroyed 5/ 6/ 7/ 7/ 7/

Source: Federal Insurance Administration claims database for Hurricane Fran event
Footnotes for Table 5-4 are provided on the following page.
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Footnotes for Table 5-4:

1/ Corps project is 14,000 in length, from Masonboro Inlet north to approximately Moores Inlet Street. Approximately
500 of the approximately 1,200 claims paid were on mainland Wrightsville Beach, Harbor Island or north of the Corps
project on Wrightsville Island, therefore not impacted at all by the project.

2/ For properties submitting FIA claims

3/ Each communities’ Taxable Property Value = Tax Base x Assessment to Sales Ratio (from N.C. Department of
Treasurer)

4/ Because many structures are in COBRA areas in North Topsail Beach and are not eligible to be in the NFIP,
damages are severely understated. Damages used to compare to the total taxable properties are based on
$72,000,000 in damages from an interview with local officials.

5/ Interviews with local officials.

6/ Of these 20 structures, only 2 were on the oceanfront.

7/ Many of these structures are not oceanfront and could have been destroyed even if a shore protection project had
been in place.

Table 5-5: Claims Paid - Hurricane Fran

Item Carolina Wrightsville North
Kure Beach Beach Beach 1/ Topsail Surf City Topsail
Beach Beach
# of FIA Claims 157 758 1,415 781 710 363 2/
# of Claims paid 128 676 1,203 664 522 273
Total Claims Paid $10,069,998 | $14,947,127 | $30,280,128 | $12,860,138 | $11,184,761 [ $6,250,575
Average Claim Paid $78,672 $22,111 $25,171 $19,368 $21,427 $134,348
# of Housing Units
(1990) 1,126 3,342 2,413 1,005 2,339 2,173
# of Businesses 80 175 175 30 140 15
Footnotes:

1/ For the entire town of Wrightsville Beach and not just for the 14,000 foot long Corps oceanfront project.
2/ Many structures in North Topsail Beach are not eligible to be in the NFIP because they are in COBRA areas.

c. Oceanfront Property. Table 5-6 examines clams of oceanfront properties only, which is part of the
aggregated datain Table 5-4. These oceanfront properties are most likely to be impacted by a shoreline
protection project. Once again, Wrightsville Beach and Carolina Beach have the lowest percentage of
damage for submitted claims per property vaue. As expected, the differences in percent of property
damaged is even greater for oceanfront properties than properties in the communities asawhole, reinforcing
the concept that shoreline protection projects provide damage prevention and protection from surge and
wave runup.
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Table 5-6: Oceanfront Damages and Claims - Hurricane Fran

North
Item Kure Beach Carolina Wrightsville Topsail Topsail
Beach Beach 1/ Beach Surf City Beach 2/

Oceanfront
Damage 3/ $1,047,710 $2,432,973 $320,586 $5,572,490 $7,974,939 $3,564,484
Maximum
Property $3,163,440 $21,967,852 $2,967,852 $29,166,794 | $30,327,978 | $19,168,391
Value 3/
% Damage:
Value 33% 11% 13% 19% 26% 19%
# of Claims 12 85 13 200 231 131

Source: Federal Insurance Administration claims database for Hurricane Fran event

Footnotes:

1/ Corps project is 14,000' in length, from Masonboro Inlet north to approximately Moores Inlet Street.

2/ Many structuresin North Topsail Beach are not eligible to be in the NFIP because they are in COBRA areas.
3/ For properties submitting claims.

5. Summary. Despite no sgnificant differencesin physica settings, Kure Beach (photos 5-1 through 5-4)
and Topsail Idand (photos 5-10 through 5-19) unprotected areas, sustained a greater percentage of
damage than did Carolina Beach photos (5-5 and 5-6) and Wrightsville Beach (photos 5-7 through 5-9),
where there were shore protection projects. In addition, there were no structures destroyed in Wrightsville
Beach, while hundreds were destroyed in the communities on Topsail Idand.

D. COMPLEXITIESWITH THE DATA

1. Locdities. Each locality isunique with respect to protection from storms, value and age of structures,
amount of oceanfront versus soundsde development, etic. An examination of different communities
illustrates the complexities associated with the attempt to collect and compare data.

a. Wrightsville Beech To examine dl the FIA data in Wrightsville Beach and credit it to a
“protected shording”’ is not accurate.  Firdt, the north end of Wrightsville Idand (Shell Idand) is not
protected by a Corps shoreline protection project. This areaiis characterized by newer housing (less than
30 years old) with large single family homes and multi-family high rise complexes. Harbor I1dand and
mainland Wrightsville Beach are aso not directly impacted by the Corps shordline protection project. Of
the 1,203 paid claims for the town of Wrightsville Beach, about 500 were attributed to Harbor 1dand and
north of the Corps project on Wrightsville Idand and some 360 claims were for structures located on the
soundsde of Wrightsville Idand. No daimswere paid for structures on mainland Wrightsville Beach. Only
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the gpproximatey 330 remaining paid clams were in locations with protection provided by the Corps
14,000-foot project. The average for the 330 paid claims was $23,324, over $10,000 less than claims
paid on the soundside or north of the project and $4,423 lessthan clamsfor Harbor Idand. Although the
average of $23,324 is higher than Carolina Beach, Topsail Beach and Surf City, the median house vaue
in Wrightsville Beach is consderably higher than in the other communities, so one must look &t the percent
of damage to the properties’ value,

b. Surf City. Surf City, located in the middle of Topsall Idand, has varied levels of vulnerahility.
According to the Hood Insurance Rate Maps (FIRMs), the most vulnerable arealis the ocean block of the
Ondow County portion of Surf City, and this areaindeed had a much grester percentage of its property
damaged than any other part of Surf City. Though this area accounts for only 2/3 of amile of oceanfront
(of Surf City's 6.2 miles of oceanfront), roughly ten percent of the oceanfront, it accounts for about haf of
the structures destroyed in the town. Although the housesin this area are of lower average vaue than the
remainder of the town, they incurred greater average damages per structure.

C. North Topsail Beach Assessment of damages in North Topsall Beach is particularly
problematic. FIA data presents an incomplete picture because the town contains COBRA areas where
flood insurance is not available. Much of the data shown in the previous table had to be supplemented by
interviews with locd officids.

2. Rebuilding Options. Definitions of what structures were “greater than 50% damaged” and hence could
not be rebuilt have been chdlenged by loca homeowners. Land damage is even more problematic than
damage to dructures as demondtrated in the following example. A lawsuit was filed againgt the tate of
North Carolina by a congruction company which aleged “illegd property seizure’ in the aftermath of
Hurricane Fran. The construction company had permission to build a 2,400-square-foot house in North
Topsail Beach but had not begun construction when the storm wiped away the vegetation line, the defining
mark for coasta building permits. After Hurricane Fran, the required minimum setback was unobtainable
which barred congruction of a habitable structure on the property. That, the company argues, violates Sate
law prohibiting the taking of private property for a public purpose without just compensation. The rule has
“denied Action Congruction [company] dl economicaly vigble use of the property, and has destroyed the
property'svaue’, the suit says. The property, approximately haf an acre according to Ondow County's
Tax Office and three-quarters of an acre according to the suit, was last assessed in 1992 and is vaued a
$27,500, but the lot could easly sdl for upwards of $100,000. Action Congtruction is seeking
compensation “in excess of $10,000,” the standard sought in such cases. [FEMA On-line Newd

3. Hood Insurance Rate Map.

a Generd. A Hood Insurance Rate Map (FIRM) isthe official map of a community on
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which FEMA has delineated both the specid flood hazard areas and the flood risk premium zones
gpplicable to the community. The flood risk zones describe the risk of flooding. Zone V encompasses
coastd areas subject to inundation by a 100-year flood having additiona hazards associated with sorm-
induced waves. Zone A encompasses areas subject to inundation by a 100-year (1%-annua-chance)
flood, while Zone B encompasses areas between the 100 and 500 year floods. Areas outsde the 500-year
floodplain are zone C. (Zone X isused on new and revised mapsin lieu of zonesB and C.)

b. FIRMsinthe Study Area. Andydsof the damage by flood zone highlights the inadequiacies of
the FIRMs avalladlein 1996. Thisgtuation isdready recognized by FEMA and locd government officids
as dated in the Hurricane Fran Building Performance Assessment report. According to the FIRMs of the
study area, many oceanfront |ots are within B zones and C zones, outsde the 100-year flood hazard.
“Throughout the damaged oceanfront ares, the effective FIRMs for the affected communities do not
account for the effects of dune erosion, wave setup, or wave runup” [FEMA, BPA]. Because of this,
amply looking & damage by FIRM zones is an inadequate comparison tool. Shoreline protection (or the
lack there of) would have an impact on oceanfront homes, as well as some homes even beyond the
oceanfront, many of which arelisted in B or C zones.

4. Needs of Data Collection.

a. FA Daa Asprevioudy dated, FIA damsare invauable when evauaing damage and damage
prevented due to the absence or presence of a shoreline protection project because flood insurance covers
damage caused by storm surge, wave wash, tidad waves or overflow of any body of water from
above-normd cydlicd levds. Unfortunately, much of the FIA datais incomplete, often having no entry or
anentry of “9999” for datafields that would alow an even more comprehensive andysis. If eroson and
wave run-up were thoroughly evauated in reporting of the clams, the differences would most likdy show
much grester differences. Thislack of dataentry isfound in such fieds as lowest floor eevation; base flood
elevation; difference between lowest floor and zero damage devations, building water depth; foundation
type; wall congruction and surface; flood characteristics, and hours water was in building. These are
vauable additiond pieces of information and partnering with FEMA and the FIA would pay dividends. See
following paragraph 4c for additiona information on this subject.

b. FEMA Efforts. Under amilar efforts, FEMA contracted with the engineering firm Dewberry
and Davis (D& D) to perform Globd Pogtioning Sysem (GPS) surveys of flooded buildings induding pogt-
dissster surveys following Hurricane Fran on Topsal Idand. D&D found many problems with the
geocoded tax parces for the idand which complicated their work (as well asthe work of this study). The
lack of information prior to actud storm events was the largest deficiency to accurate ssorm damage
assessment in D& D’s opinion. D& D recommended that “six attributes should be collected for dl buildings
in or near floodplains. geocoded addresses, geocoded parcels, names of owners,; three-dimensiond
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surveys of floodprone buildings; tota parcd and footprint areas, and replacement vaues™ With this
information D& D dated, “when floods actudly occur, it isno longer necessary to survey individud buildings
to determine their depth of flooding. Instead, one can determine the high water marks a severd key
locations in town and modd the flood weter devations. By knowing the peak flood eevations and lowest
floor evations, the depth of interior flooding can be quickly determined. Combined with data on floor area
and pre-flood replacement vaue, actud flood damages can be quickly and accurately estimated for every
flooded building in the community” http://www.dewberry.com/fip/Profess ona Forum/maunepaper.htm.

c. Corps Post Storm Survey Data. In the mgority of cases, Corps coastd projects do not receive
post sorm surveys. Thisfact was noted and found to be a deficiency in two recent nationd dudies “Beach
Nourishment and Protection” by the Marine Board of the Nationd Research Council [Nationd Academy
Press, Washington, D.C. 1995] and “ Shoreline Protection and Beach Erosion Control Sudy, Final
Report: An Analysis of the U.S. Army Corps of Engineers Shore Protection Program,” IWR Report
96-PS-1. The North Carolina Disaster Recovery Task Force convened after Hurricane Fran had
associated recommendations such as to devel op condstent damage assessment methodol ogies, housing data
and an economic data collection system. For the study areas of North Caroling, the Corps Wilmington
Didrict advised that they did not perform comprehensive post storm surveys due to lack of funding.
Examples of vauable data that should be collected are shown in Appendix F.
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CHAPTERG6
FINDINGS AND CONCLUSIONS

A. FINDINGS

1. Winds.

Based on the best available wind speed data, the overall onshore wind speed patterns
were not significantly different for the four beach areas, although dlightly higher
winds did exist at the southern beaches of Kure — Carolina— Wrightsville, than at the
northern end of the study area (Topsail Island).

Differences in winds can not explain the differences in damage experienced at the
protected areas of Carolina Beach and Wrightsville Beach and the unprotected areas
of Kure Beach and the three communities on Topsail 1sland.

2. Storm Surge.

While modeled surge elevations did not vary greatly over the study area (maximum
differential of 1.2 feet), elevations were highest at the protected Wrightsville Beach
and lowest at the unprotected communities on Topsail Island.

The non-variability of the storm surge results from the path of the storm and the
similarity of offshore bathymetric contours.

Differences in storm surge can not explain the differences in damage experienced at
the protected areas of Carolina Beach and Wrightsville Beach and the unprotected
areas of Kure Beach and the three communities on Topsail I1sland.

Hurricane Fran occurred at low tide. Had it occurred at high tide, as did Bertha,
damages would have been greater.

Waves were modeled in four parameters. significant wave height, peak wave period,
offshore wave height, and combined wave/surge heights. While these four sets of
data did not vary greatly over the study area; the highest modeled data were at the
protected Wrightsville Beach area, followed by the Kure and Carolina Beaches that
had identical data, and with the lowest values occurring at the unprotected Topsail
Island beaches.

The wave climate offshore was about 1 to 2 meters greater at the Kure — Carolina
Wrightsville Beach area than it was at Topsail 1sland.

The model data showed that the Wrightsville Beach area was the most severely
impacted because of the combined offshore wave climate, the steep offshore wave
height gradients and landward migration of the wave estimates caused by surge.
Differences in waves can not explain the differences in damage experienced at the
protected areas of Carolina Beach and Wrightsville Beach and the unprotected areas
of Kure Beach and the three communities on Topsail Island.
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ater Marks.

4. High W

5. Geology.

Excluding Kure Beach, the trend of the high water mark was not significantly
different over the study area and followed the trend of the computed storm surge
elevations, with the highest being at the protected Wrightsville Beach and the lowest
being at the unprotected Topsail 1sland beaches.

The highest still water marks were measured along the south end of Kure Beach.
These high water marks were believed to be due to a combination of high landmass
that produced some wave standing and localized wave phenomena due to submerged
Coquina Rock outcrops.

The surge and wave modeling efforts were not detailed enough to capture the
localized impacts of the Coquina Rock Outcrop or the higher land elevations aong
Kure Beach.

Except for the damage experienced at the southern end of Kure Beach, differences in
high water marks can not explain the differences in damage experienced at the
protected areas of Carolina Beach and Wrightsville Beach and the unprotected areas
of Kure Beach and the three communities on Topsail Island.

Offshore geology varies from Kure Beach to North Topsail Beach and contributed to
differences in prestorm beach conditions. The areas with existing wide beaches and
dune systems, either man-made or natural, experienced less storm damage.

Impacts from the physical storm parameters of waves and surge were not influenced
by the offshore geology except for the Kure beach area which has a Coquina Rock
formation in the near shore region.

The prestorm condition of the beach helps to explain the lesser damages at the
protected areas and greater damages at the unprotected areas.

6. Economic Damage Assessment.

In terms of demographics, Wrightsville Beach and Carolina Beach are more densely
populated and have higher housing values than do Kure Beach and the three beach
communities on Topsail Island.

The three communities on Topsail Island and Kure Beach, all unprotected aress,
sustained a greater percent of damages than did the protected areas of Wrightsville
Beach and Carolina Beach.

No structures were destroyed at the protected Wrightsville Beach while hundreds
were destroyed in the unprotected areas on Topsail Island.

On Topsail Idand, data on destroyed properties were not available to separate
"oceanfront properties’ from the total.

Kure Beach and Carolina Beach experience essentially the same storm factors. While
Carolina Beach experienced higher damage in absolute dollars (due to a larger
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number of structures and a higher housing value within the town limits), Kure Beach
experienced a higher percentage of ocean front structural damage.

Claim and damage value was difficult to obtain and much of the FIA data were
incomplete. Corps partnering with FEMA and FIA in collecting after storm data
would pay dividends.

If eroson and wave run-up were thoroughly evaluated in reporting claims, the
differences between protected and unprotected areas would most likely be greater.
Lack of information prior to actual storm events was the largest deficiency to accurate
storm damage assessment.

7. Photos Comparing Damages

Photo 6-1: Wrightsville Beach after HurricaneFran




Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Study at Six North Carolina Beaches

Photo 6-3: Carolina Beach after Hurricane Fran

Photo 6-4: Kure Beach after Hurricane Fran
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B. CONCLUSIONS

The areas protected by Corps of Engineers shore protection projects (Wrightsville Beach and
Carolina Beach) received less damage as a percent of total property value than did the
unprotected areas (Kure Beach, Topsail Beach, Surf City and North Topsail Beach).

While differences in physical storm parameters (winds, storm surge and waves) were
observed from Kure Beach to North Topsail Beach, the differences were not large enough to
explain the differences in damage. If anything, storm parameters showed the most
devastating part of the storm hit Wrightsville Beach and the less devastating part of the storm
hit Topsail Island.

Offshore geology, which varies from Kure Beach to Topsail Idand, likely contributed
damages and the lack of damages.

- At the south end of Kure Beach is a Coquina rock outcrop that contributed to
the highest of the highwater to be observed at this location and resulted in an
increase in damages.

The areas with existing wide beaches and a frontal dune system, either natural
or man-made, experienced less storm damage..
Partnering with agencies such as the Federa Emergency Management Agency and the
Federal Insurance Administration in collecting damages data through post storm surveys and
distinguishing between flooding and erosion damages would pay dividends.

C. SUMMARY

Beach nourishment projects similar to the ones at
Carolina Beach, Wrightsville Beach and now at Kure
Beach do reduce hurricane storm damages, which, in
turn, reduce Federal disaster recovery costs.
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APPENDIX B
GENERIC SHORE PROTECTION LEGISLATION

1 PL 71-520, (1930) River and Harbor Act of 1930. Section 2 authorizes the Chief of Engineers
to conduct shore erosion control studiesin cooperation with gppropriate agencies of various cities, counties,
or states. Amended by Section 103, PL 86-465. Section 2 aso established the Beach Erosion Board to
act asacentral agency to assemble data and provide engineering expertise regarding coasta protection.

2. PL 79-166, (1945) An Act Authorizing Genera Shoreline Investigations at Federd Expense. This
Act established authority for the Beach Eroson Board to pursue a program of generd investigation and
research and to publish technica papers.

3. PL 79-526, (1946) River and Harbor Act of 1946. Section 14 authorized emergency bank
protection works to prevent flood damage to highways, bridge approaches and public works. Amended
by PL 93-251, PL 99-662 and PL 104-303.

4. PL 79-727, (1946) An Act Authorizing Federd Participation in the Cogt of Protecting the Shores
of Publicly Owned Property. This Act authorized Federd participation in the study cost, but not the
congtruction or maintenance, of works to protect publicly-owned shores of the United States against
erosion from waves and currents. Amended by PL 84-826, PL 87-874, PL 91-611 and PL 104-303.

5. PL 84-71, (1955). Thislegidation specificaly authorized studies of the coastdl and tidd aress of
the eastern and southern U.S. with reference to areas where damages had occurred from hurricanes.

6. PL 84-99, (1955). This legidation authorized the Chief of Engineers to provide emergency
protection to threstened Federdly authorized and congtructed hurricane and shore protection works. It so
established an emergency fund to repair or restore such works damaged or destroyed by wind, wave, or
water action of other than an ordinary nature.

7. PL 84-826, (1956). Thislegidation expanded the Federd role by authorizing Federd participation
in the cost of works for protection and restoration of the shores of the United States, including private
property if such protection is incidental to the protection of public-owned shores, or if such protection
would result in public benefits. It aso provides for Federd assistance for period nourishment on the same
bass as new condruction, for a period to be specified by the Chief of Engineers, when it would be the most
suitable and economica remedia measure. Amended by Section 156, PL 94-587 and Section 934, PL
99-662.

8. PL 85-500, (1958) River and Harbor Act of 1958. Section 203 added provisons of local cooperation
on three hurricane flood protection projects which established an adminigtrative precedent for cost sharing
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in hurricane projects. Non-Federd interests were required to assume 30 percent of tota first costs,
including the vaue of land, easements and rights of way, and operate and maintain the projects.

9. PL 87-874, (1962) River and Harbor Act of 1962.

a. Shore Protection. Section 103 amended Section 3 of the Act approved 13 August 1946, as
amended by the Act gpproved 28 July 1956 and indicated the extent of Federa participation in the cost
of beach erosion and shore protection (50 percent of the construction cost when the beach is publicly
owned or used, and 70 percent Federa participation for seashore parks and conservation areas when
certain conditions of ownership and use of the beaches are met). Amended by Section 112, PL 91-611
and Section 915(e), PL 99-662.

b. Smal Beach Erosion Projects. Section 103 aso authorized the Secretary of the Army acting
through the Chief of Engineers, to plan and congtruct smal beach and shore protection projects without
specific Congressiond authorization. Federd cost share was limited to $400,000 per project and $3 million
program limit per fiscd year.

10. PL 88-172, (1963). Section 1 of thislegidation abolished the Beach Erosion Board, transferred
its review functions to the Board of Engineers for Rivers and Harbors and established the Coastd
Engineering Research Center.

11. PL 89-72, (1965) The Federal Water Project Recreation Act of 1965. This Act required that
planning of water resources projects consder opportunities for outdoor recregtion and fish and wildlife
enhancement. It specified that the outdoor recreation benefits that can be attributed to a project shal be
taken into account in determining the overdl benefits of the project (e.g., recregtiond use of beach fill, groins
or other shore protection structures).

12. PL 89-298, (1965). This legidative action adlowed Federd contributions toward periodic
nourishmen.

13. PL 90-483, (1968) River and Harbor and Flood Control Act of 1968.

a Section 111. This section authorized investigation and construction of projects to prevent or
mitigate shore damages resulting from Federd navigation works, a both public and privaidy-owned shores
aong the coadtd and Great Lakes shordines. Cogtisto be at full Federa expense, but limited to $1 million
per project. Amended 17 November 1986 by Sections 915(f) and 940, PL 99-662 which, among other
things, increased the limit on Federa costs per project to $2 million for initid congtruction costs. Thereis
no limit on in Federd participation in periodic nourishment costs.
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b. Section 215. This section authorized reimbursement (including credit againgt local cooperation
requirements) for work performed by non-Federa public bodies after authorization of water resource
development projects. Execution of aprior agreement with the Corps was required and reimbursement was
not to exceed $1 million for any single project. Amended by Section 913 PL 99-662 and by Section 12,
PL 100-676 to increase the limit on reimbursements per project. Project limit is now $3 million or one
percent of the total project cost, whichever is greater; except that the amount of actua Federa
reimbursement, induding reductionsin contributions, for such project may not exceed $5 million in any fiscd
year.

14. PL 91-611, (1970) River and Harbor and Flood Control Act of 1970.

a. Section 112. This section increased the limit on Federa costs for smdl beach erosion projects
(Section 103 of PL 87-874) from $500,000 to $1 million. The annua authorization limit was dso raised
to $25,000,000. Limits have subsequently been raised further, most recently by PL 99-662 to $2 million
per project and $30 million program limit per year.

b. Section 208. This section authorized discretionary modifications in Federd participation in cost
sharing for hurricane protection projects.

15. PL 92-583, (1972) The Coastal Zone Management Act of 1972. This Act required al Federa
agencies with activities directly affecting the coastd zone, or with development projects within that zone,
to assure that those activities or projects are consistent with the approved state program. The CZMA of
1972 was amended by the Coastd Zone Management Act Amendments of 1990. The 1990 Act amended
the Federd consstency provisions (Section 307) by requiring all Federa agency activities, whether in or
outside of the coastal zone, to be subject to the consstency requirements of Section 307(c) of the CZMA
if they affect naturd resources, land uses or water uses in the coasta zone.

16. PL 93-251, (1974) Water Resources Devel opment Act of 1974.

a. Section 27. Thissection raised the cost limits for emergency bank protection projects (Section
14 projects) to $250,000 and program fisca funding limit to $10 million per year. Project purpose was
extended to cover condruction, repair, resoration and modification of emergency stresmbank and shordline
protection works. Eligibility definition was extended to indude churches, hospitals, schools and Smilar non-
profit public services. Amended by Section 915 (c) of PL 99-662 and Section 219 of PL 104-303.

b. Section 55. This section authorizes technical and engineering ass stance to non-Federa public
interests in developing structural and non-structural methods of preventing damages attributable to shore
and sireambank erosion.
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17. PL 94-587, (1976) Water Resources Development Act of 1976.

a Section 145. This section authorized the placement of beach qudity sand obtained from
dredging operations on adjacent beaches if requested by the interested state government and in the public
interest--with the increased costs paid by loca interests. Amended by Section 933, PL 99-662, to alow
for Federd funding of 50 percent of the increased costs, by Section 207 of PL 102-580 to permit
agreements for placement of fill on beachesto be with politica subdivisons of agate; and by Section 217
of PL 106-53 by lowering the Federd share of the extra costs from 50 percent to 35 percent.

b. Section 156. This section authorizes the Corps to extend Federal ad in periodic beach
nourishment up to 15 years from date of initiaion of congruction. Amended by Section 934 of PL 99-662
to allow for extension of up to 50 years.

18. PL 97-348, (1982) The Coadtal Barrier Resources Act of 1982. Thislaw established the policy
that coastal barrier idands and their associated aguatic habitats are to be protected by restricting Federd
expenditures which encourage devel opment on those coastal barrier idands. The Act dso providesfor a
Coadtd Barrier Resources System (the extent of which is defined by a set of maps approved by Congress
on 30 September 1982) which identifies undevel oped coastd barriers within which Federa expenditures
(induding expenditures for flood insurance, roads, bridges, shoreline structures) may not be made. Specific
exceptions to the expenditure prohibition include navigation, beach nourishment, and research works. The
Act was amended in 1990. To ensure compliance with the Act, each Federd agency annualy certifies
compliance directly to the Senate and House Committees on Public Works and Transportation.

19. PL 99-662, (1986) Water Resources Development Act of 1986.

a. Section 101(c). This section provides that costs of congtructing projects or measures for the
prevention or mitigation of eroson or shoaling damages attributable to Federd navigation works shal be
shared in the same proportion as the cost sharing provisons gpplicable to the project causng such eroson
or shading. The non-Federd interests for the project causing the erosion or shoaing shdl agree to operate
and maintain such measures.

b. Section 103. Section 103(d) specifiesthat the costs of constructing projects for beach erosion
control must be assigned to selected project purposes such as hurricane and storm damage reduction,
and/or recreation. Cost sharing for these project purposes is specified in Section 103(c) (35 percent for
hurricane and storm damage prevention and 50 percent for separable recreation). However, dl costs
assigned to benefits to privatdy-owned shores (where use of such shoresis limited to private interests), or
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to prevention of losses of private lands are a non-Federd respongbility. All cost assgned to protection of
Federally-owned shores are a Federal responsibility. Amended by Section 215, PL 106-53, to increase
non-Federd cost sharing for periodic nourishment.

c. Section 915. Section 915(c) increased the Federd limits up to $500,000 for participating in
emergency shordine protection of public works (Section 14 projects). Section 915(e) incressed the
Federd limits up to $2 million for participating in smal beach eroson control (Section 103 projects).
Section 915(f) increased the Federd limits up to $2 million for participating in mitigation of shore damage
atributable to Federd navigation works (Section 111 projects). Section 915(h) authorizes use of Section
103 of PL 87-874 and Section 111 of A 90-483 authoritiesin the Trust Territory of the Pacific Idands.

d. Section 933. This section modifies Section 145 of PL 94-587 to authorize 50 percent Federa
cost sharing of the extra costs for usng dredged sand from Federd navigaion improvements and
maintenance efforts for beach nourishment.

e. Section 934. Section 934 modifies Section 156 of PL 94-587 to authorize the Secretary of the
Army, acting through the Chief of Engineersto extend ad in periodic nourishment up to 50 years from the
date of initiation of project congtruction.

f. Section 940. This section amends Section 111 of PL 90-483 to dlow implementation of
nongructurd measures to mitigate shore damages resulting from Federd navigation works; to require loca
interests to operate and maintain Section 111 measures; and to require cost sharing of implementation costs
in the same proportion as for the works causing the shore damage.

20. PL 100-676, (1988) Water Resources Development Act of 1988. Section 14 of the Act requires
non-Federd interests to agree to participate in and comply with gpplicable Federd flood plain management
and flood insurance programs before congtruction of any hurricane and storm damage reduction project.

21. PL 102-580, (1992) Water Resources Development Act of 1992. Under Section 206, non-
Federd interests are authorized to undertake shoreline protection projects on the coastline of the United
States, subject to obtaining any permits required pursuant to Federd and State laws in advance of actud
construction, and subject to prior gpprova of the Secretary of the Army.

22. PL 104-303, (1996) Water Resources Development Act of 1996.

a. Section 207. Directsthat in carrying out navigation projects, the secretary may select adisposa
method that is not the least cost option if the incrementd costs are reasonable in relaion to the
environmenta benefits including creation of wetlands and shoreline erosion control.
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b. Section 219. This section increases the emergency bank protection projects (Section 14
projects) to $1 million per project and $15 million program limit per year.

c. Section 227. This section amends 33 U.S.C. 426e (Section 14 of PL 79-727, as amended)
to clarify Federa shore protection policy to gpply to shores and beaches. Encourages the protection,
restoration and periodic nourishment, on a coordinated Federa/non-Federa bass, with apriority given to
those areas where a Federa investment aready occurs or where damage has been caused by a Federd
action.

23. PL 106-53 (1999) Water Resources Deve opment Act of 1999.

a Section 215. This section modifies Section 103(d) of PL 99-662 by changing “Codgts of
congtruction” to “CONSTRUCTION. - Costs of congtruction” and by changing the non-Federd share of
periodic nourishment costs to 45 percent after January 1, 2002 and to 50 percent after January 1, 2003.
Thisisfor projectsin reports authorized for construction after these dates.

b. Section217. This section further modifies Section 145 of PL 94-587 by lowering the Federd
share of the extra costs for usng dredged sand from Federd navigation improvement and maintenance
efforts for beach nourishment from 50 percent to 35 percent.

24 PL 106-541 (2000) Water Resources Development Act of 2000. Section 220 of thisact requires
thet not later than one year after 11 December 2000, the Secretary shdl develop and implement procedures
to ensure that dl of the benefits of a beach restoration project, including those benefits attributable to
recregtion, hurricane and storm damage reduction, and environmental protection and restoration, are
displayed in reports for such projects.
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Plots of Wind Speed and Direction at Onshore Stations (Myrtle Beach, Wilmington, New
River, and Cherry Point)
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Readi ng of W nd Speed and Direction at WI m ngton,
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( Knots
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NaN
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NaN
080
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120
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120
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006
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008
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003
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000
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NaN
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Yr M Da Hr Dr Sus Qust
( Knots )

723013 KILM1996 07 02 1600 110 007 NaN
723013 KI LM1996 07 02 1700 100 007 NaN
723013 KI LM1996 07 02 1829 150 008 NaN
723013 KI LM1996 07 02 1839 150 009 NaN
723013 KILM1996 07 02 1848 170 015 023
723013 KILM1996 07 02 1900 060 005 016
723013 KILM1996 07 02 1905 350 018 023
723013 KI LM1996 07 02 1913 310 011 025
723013 KILM1996 07 02 1918 280 009 NaN
723013 KILM1996 07 02 1924 200 012 NaN
723013 KI LM1996 07 02 1934 NaN 000 NaN
723013 KI LM1996 07 02 1943 NaN 004 NaN
723013 KILM1996 07 02 2000 280 003 014
723013 KILM1996 07 02 2009 NaN 000 NaN
723013 KI LM1996 07 02 2100 NaN 000 NaN
723013 KILM1996 07 02 2200 NaN 000 NaN
723013 KI LM1996 07 02 2247 330 016 026
723013 KI LM1996 07 02 2300 290 020 032
723013 KI LM1996 07 02 2301 250 009 026
723013 KI LM1996 07 02 2313 NaN 000 NaN
723013 KILM1996 07 02 2331 110 005 NaN
723013 KILM1996 07 02 2346 130 008 NaN
723013 KILM1996 07 03 0000 140 004 NaN
723013 KILM1996 07 03 0041 340 008 017
723013 KILM1996 07 03 0100 310 011 NaN
723013 KI LM1996 07 03 0103 320 007 017
723013 KI LM1996 07 03 0111 220 006 NaN
723013 KI LM1996 07 03 0121 210 006 NaN
723013 KILM1996 07 03 0134 150 003 NaN
723013 KILM1996 07 03 0200 170 006 NaN
723013 KILM1996 07 03 0300 170 006 NaN
723013 KILM1996 07 03 0400 220 004 NaN
723013 KILM1996 07 03 0500 190 005 NaN
723013 KI LM1996 07 03 0600 NaN 000 NaN
723013 KI LM1996 07 03 0700 350 003 NaN
723013 KI LM1996 07 03 0800 280 004 NaN
723013 KILM1996 07 03 0900 290 004 NaN
723013 KILM1996 07 03 1000 240 005 NaN
723013 KILM1996 07 03 1008 270 007 NaN
723013 KI LM1996 07 03 1024 270 006 NaN
723013 KILM1996 07 03 1031 270 005 NaN
723013 KI LM1996 07 03 1045 250 004 NaN
723013 KI LM1996 07 03 1056 260 005 NaN
723013 KI LM1996 07 03 1100 260 005 NaN
723013 KILM1996 07 03 1133 270 006 NaN
723013 KILM1996 07 03 1200 280 006 NaN
723013 KILM1996 07 03 1300 270 007 NaN
723013 KI LM1996 07 03 1314 280 007 NaN
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Yr
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KI LM1996
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Kl LM1996
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KI LM1996
KI LM1996
Kl LM1996
KI LM 1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996

M Da H

07 03 1326
07 03 1334
07 03 1400
07 03 1500
07 03 1600
07 03 1700
07 03 1800
07 03 1817
07 03 1842
07 03 1900
07 03 2000
07 03 2023
07 03 2027
07 03 2033
07 03 2035
07 03 2100
07 03 2104
07 03 2111
07 03 2114
07 03 2137
07 03 2148
07 03 2200
07 03 2300
07 04 0000
07 04 0100
07 04 0200
07 04 0300
07 04 0400
07 04 0500
07 04 0600
07 04 0700
07 04 0800
07 04 0900
07 04 1000
07 04 1100
07 04 1200
07 04 1300
07 04 1400
07 04 1500
07 04 1600
07 04 1700

07 04 1800

07 04 1900

07 04 2000

07 04 2100

07 04 2200

07 04 2300

07 05 0000

Dir Sus CQust
( Knots )
260 008 NaN
270 009 NaN
260 007 NaN
280 005 NaN
250 007 NaN
200 006 NaN
170 004 NaN
200 007 NaN
240 015 018
230 009 NaN
NaN 003 NaN
240 009 022
NaN 006 NaN
180 005 NaN
160 005 NaN
NaN 000 NaN
310 014 019
230 012 019
220 008 016
NaN 004 NaN
080 005 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
340 005 NaN
020 003 NaN
020 004 NaN
360 005 NaN
350 006 NaN
360 007 NaN
350 005 NaN
350 005 NaN
360 006 NaN
360 008 NaN
360 008 NaN
340 008 NaN
320 009 NaN
340 008 NaN
290 009 NaN
320 007 NaN
300 008 NaN
310 006 NaN
260 006 NaN
240 006 NaN
230 003 NaN
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Yr M Da Hr Dir Sus GQust
( Knots )
723013 KILM1996 07 05 0100 NaN 000 NaN
723013 KI LM1996 07 05 0200 NaN 000 NaN
723013 KI LM1996 07 05 0300 NaN 000 NaN
723013 KI LM1996 07 05 0400 NaN 000 NaN
723013 KILM1996 07 05 0500 NaN 000 NaN
723013 KILM1996 07 05 0600 NaN 000 NaN
723013 KI LM1996 07 05 0700 NaN 000 NaN
723013 KILM1996 07 05 0800 NaN 000 NaN
723013 KILM1996 07 05 0900 NaN 000 NaN
723013 KI LM1996 07 05 1000 NaN 000 NaN
723013 KI LM1996 07 05 1003 NaN 000 NaN
723013 KILM1996 07 05 1010 NaN 000 NaN
723013 KILM1996 07 05 1029 NaN 000 NaN
723013 KILM1996 07 05 1100 NaN 000 NaN
723013 KILM1996 07 05 1127 NaN 000 NaN
723013 KILM1996 07 05 1200 NaN 000 NaN
723013 KILM1996 07 05 1300 NaN 000 NaN
723013 KI LM1996 07 05 1400 NaN 000 NaN
723013 KI LM1996 07 05 1500 160 006 NaN
723013 KI LM1996 07 05 1600 160 008 NaN
723013 KILM1996 07 05 1700 150 007 NaN
723013 KILM1996 07 05 1800 140 007 NaN
723013 KI LM1996 07 05 1900 150 007 NaN
723013 KILM1996 07 05 2000 160 010 014
723013 KILM1996 07 05 2100 150 008 NaN
723013 KI LM1996 07 05 2200 160 007 NaN
723013 KI LM1996 07 05 2300 170 007 NaN
723013 KI LM1996 07 06 0000 130 004 NaN
723013 KILM1996 07 06 0100 180 007 NaN
723013 KILM1996 07 06 0200 200 003 NaN
723013 KILM1996 07 06 0300 NaN 000 NaN
723013 KILM1996 07 06 0400 NaN 000 NaN
723013 KILM1996 07 06 0500 NaN 000 NaN
723013 KI LM1996 07 06 0600 NaN 000 NaN
723013 KILM1996 07 06 0700 NaN 000 NaN
723013 KI LM1996 07 06 0800 100 004 NaN
723013 KILM1996 07 06 0818 NaN 000 NaN
723013 KILM1996 07 06 0848 350 003 NaN
723013 KILM1996 07 06 0900 360 005 NaN
723013 KILM1996 07 06 0907 360 004 Na
723013 KILM1996 07 06 1000 350 003 NaN
723013 KI LM1996 07 06 1011 050 003 NaN
723013 KI LM1996 07 06 1100 070 003 NaN
723013 KI LM1996 07 06 1200 070 005 NaN
723013 KILM1996 07 06 1237 NaN 000 NaN
723013 KILM1996 07 06 1300 080 006 NaN
723013 KI LM1996 07 06 1310 070 007 NaN
723013 KILM1996 07 06 1319 080 006 NaN
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Appendix C —Winds
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723013
723013
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723013
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723013
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723013
723013
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723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013

Yr

KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM 1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM 1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996

M Da Hr
0706 1400
07 06 1412
07 06 1500
07 06 1600
07 06 1634
07 06 1700
07 06 1731
07 06 1800
07 06 1900
07 06 1903
07 06 1931
07 06 2000
07 06 2100
07 06 2130
07 06 2200
07 06 2235
07 06 2300
07 06 2316
07 07 0000
07 07 0003
07 07 0021
07 07 0100
07 07 0200
07 07 0300
07 07 0400
07 07 0500
07 07 0600
07 07 0700
07 07 0800
07 07 0900
07 07 1000
07 07 1032
07 07 1100
07 07 1110
07 07 1122
07 07 1200
07 07 1213
07 07 1300
07 07 1400
07 07 1500
07 07 1600
07 07 1700
07 07 1800
07 07 1900
07 07 2000
07 07 2100
07 07 2200
07 07 2300

Dr Sus Qust
( Knots )
050 003 NaN
070 004 NaN
090 006 NaN
NaN 000 NaN
010 006 NaN
150 004 NaN
110 006 NaN
140 005 NaN
NaN 003 NaN
110 005 NaN
100 004 NaN
NaN 000 NaN
150 005 NaN
180 006 NaN
190 003 NaN
130 007 NaN
090 007 NaN
140 005 NaN
150 006 NaN
170 005 NaN
170 006 NaN
190 003 NaN
190 005 NaN
220 006 NaN
230 007 NaN
220 005 NaN
230 004 NaN
250 005 NaN
250 006 NaN
250 004 NaN
260 004 NaN
260 003 NaN
240 004 NaN
250 005 NaN
240 006 NaN
270 005 NaN
280 005 NaN
280 003 NaN
NaN 000 NaN
270 004 NaN
230 004 NaN
NaN 003 NaN
150 007 NaN
150 009 NaN
210 011 NaN
190 007 NaN
200 012 NaN
220 009 NaN
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus GQust
( Knots )
723013 KILM1996 07 08 0000 220 008 NaN
723013 KI LM1996 07 08 0100 200 009 NaN
723013 KI LM1996 07 08 0200 200 007 NaN
723013 KI LM1996 07 08 0300 200 007 NaN
723013 KILM1996 07 08 0400 190 005 NaN
723013 KILM1996 07 08 0500 200 004 NaN
723013 KILM1996 07 08 0600 210 006 NaN
723013 KILM1996 07 08 0700 210 007 NaN
723013 KILM1996 07 08 0800 210 005 NaN
723013 KI LM1996 07 08 0900 230 007 NaN
723013 KI LM1996 07 08 1000 210 004 NaN
723013 KI LM1996 07 08 1100 210 008 NaN
723013 KILM1996 07 08 1200 220 009 NaN
723013 KILM1996 07 08 1300 230 009 NaN
723013 KILM1996 07 08 1400 250 006 NaN
723013 KILM1996 07 08 1500 230 007 NaN
723013 KILM1996 07 08 1600 230 005 NaN
723013 KI LM1996 07 08 1700 200 009 NaN
723013 KI LM1996 07 08 1800 230 008 NaN
723013 KI LM1996 07 08 1900 220 007 NaN
723013 KILM1996 07 08 2000 220 009 NaN
723013 KILM1996 07 08 2100 220 011 NaN
723013 KI LM1996 07 08 2200 200 011 NaN
723013 KILM1996 07 08 2300 210 013 NaN
723013 KILM1996 07 09 0000 210 011 NaN
723013 KI LM1996 07 09 0100 230 012 019
723013 KI LM1996 07 09 0200 210 008 NaN
723013 KI LM1996 07 09 0300 220 008 NaN
723013 KILM1996 07 09 0400 210 008 NaN
723013 KILM1996 07 09 0500 210 010 NaN
723013 KILM1996 07 09 0600 200 009 NaN
723013 KILM1996 07 09 0700 230 007 NaN
723013 KILM1996 07 09 0800 240 011 NaN
723013 KI LM1996 07 09 0900 230 009 NaN
723013 KI LM1996 07 09 1000 240 011 018
723013 KI LM1996 07 09 1100 250 010 NaN
723013 KILM1996 07 09 1200 240 010 NaN
723013 KILM1996 07 09 1300 240 012 018
723013 KI LM1996 07 09 1400 260 010 NaN
723013 KILM1996 07 09 1500 250 010 NaN
723013 KILM1996 07 09 1600 250 009 NaN
723013 KI LM1996 07 09 1700 250 010 NaN
723013 KI LM1996 07 09 1800 210 010 NaN
723013 KI LM1996 07 09 2000 230 012 016
723013 KILM1996 07 09 2100 190 014 NaN
723013 KILM1996 07 09 2200 180 014 NaN
723013 KILM1996 07 09 2206 200 013 NaN
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Appendix C —Winds
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KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
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Kl LM1996
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KI LM1996
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Kl LM1996
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07
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07
07
07
07
07
07
07
07
07
07
07
07
07
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07
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07
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07
07
07
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10
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10
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10
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10
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10
10
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10
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11
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2300
2303
0000
0100
0200
0300
0400
0600
0642
0700
0800
0900
0908
0919
0927
1000
1006
1100
1103
1108
1122
1140
1200
1204
1249
1300
1319
1327
1345
1400
1407
1500
1600
1700
1716
1743
1800
1900
2000
2035
2100
2200
2228
2300
0000
0100
0139

Dr

200
210
210
220
200
200
200
190
200
220
210
210
210
210
210
210
210
230
240
240
210
230
300
290
NaN
NaN
330
320
360
NaN
NaN
NaN
020
130
090
100
080
090
090
070
080
090
090
080
070
040
060

Sus Cust

( Knots )

015 NaN
013 019
011 NaN
009 NaN
009 NaN
008 NaN
008 NaN
007 NaN
007 NaN
006 NaN
003 NaN
005 NaN
006 NaN
007 NaN
006 NaN
007 NaN
005 NaN
005 NaN
009 NaN
008 NaN
005 NaN
003 NaN
005 NaN
004 NaN
000 NaN
003 NaN
006 NaN
006 NaN
004 NaN
000 NaN
000 NaN
003 NaN
003 NaN
009 NaN
007 NaN
009 NaN
009 NaN
010 NaN
009 NaN
009 NaN
010 NaN
011 017
012 019
016 NaN
010 NaN
007 NaN
006 NaN
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus GQust
( Knots )
723013 KILM1996 07 11 0200 060 007 NaN
723013 KI LM1996 07 11 0211 050 007 NaN
723013 KILM1996 07 11 0226 030 008 NaN
723013 KI LM1996 07 11 0243 040 008 NaN
723013 KILM1996 07 11 0300 060 008 NaN
723013 KILM1996 07 11 0337 040 005 NaN
723013 KI LM1996 07 11 0400 050 007 NaN
723013 KILM1996 07 11 0410 050 006 NaN
723013 KILM1996 07 11 0445 030 008 NaN
723013 KI LM1996 07 11 0500 040 007 NaN
723013 KI LM1996 07 11 0528 050 007 NaN
723013 KI LM1996 07 11 0600 040 007 NaN
723013 KILM1996 07 11 0700 020 007 NaN
723013 KILM1996 07 11 0724 030 009 NaN
723013 KI LM1996 07 11 0737 030 010 NaN
723013 KILM1996 07 11 0800 020 010 NaN
723013 KILM1996 07 11 0900 030 011 NaN
723013 KILM1996 07 11 0916 030 011 NaN
723013 KI LM1996 07 11 0930 040 010 NaN
723013 KI LM1996 07 11 0947 040 009 NaN
723013 KILM1996 07 11 1000 040 011 NaN
723013 KILM1996 07 11 1030 050 012 NaN
723013 KI LM1996 07 11 1100 050 012 NaN
723013 KI LM1996 07 11 1107 050 013 NaN
723013 KILM1996 07 11 1200 050 008 NaN
723013 KI LM1996 07 11 1300 050 009 NaN
723013 KI LM1996 07 11 1308 060 008 NaN
723013 KI LM1996 07 11 1400 080 013 020
723013 KILM1996 07 11 1418 070 015 027
723013 KILM1996 07 11 1500 060 015 026
723013 KI LM1996 07 11 1600 060 018 025
723013 KILM1996 07 11 1700 060 015 023
723013 KILM1996 07 11 1800 070 020 026
723013 KI LM1996 07 11 1900 060 016 023
723013 KI LM1996 07 11 2000 060 018 024
723013 KI LM1996 07 11 2100 060 015 022
723013 KILM1996 07 11 2200 060 014 021
723013 KILM1996 07 11 2300 050 013 NaN
723013 KILM1996 07 12 0000 030 012 NaN
723013 KILM1996 07 12 0017 040 009 NaN
723013 KILM1996 07 12 0100 040 009 NaN
723013 KI LM1996 07 12 0200 040 008 NaN
723013 KILM1996 07 12 0214 030 011 NaN
723013 KI LM1996 07 12 0239 040 012 NaN
723013 KILM1996 07 12 0300 030 012 NaN
723013 KILM1996 07 12 0305 040 010 NaN
723013 KI LM1996 07 12 0400 040 010 NaN
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Appendix C —Winds
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1600
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060
060
070
060
050
050
050
060
040
040
040
360
340
330
300
280
290
270
260
260
240
240
230

Sus
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010
008
007
011
013
010
011
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008
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008
013
018
013
013
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039
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C-19



Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus GQust
( Knots )
723013 KILM1996 07 12 2300 230 032 046
723013 KI LM1996 07 12 2311 240 030 043
723013 KI LM1996 07 12 2322 240 032 040
723013 KILM1996 07 12 2326 230 029 040
723013 KILM1996 07 12 2349 230 029 035
723013 KILM1996 07 13 0000 230 023 034
723013 KILM1996 07 13 0022 240 024 036
723013 KILM1996 07 13 0037 230 027 032
723013 KILM1996 07 13 0100 220 023 036
723013 KI LM1996 07 13 0123 230 025 030
723013 KI LM1996 07 13 0200 220 023 032
723013 KI LM1996 07 13 0225 230 019 032
723013 KILM1996 07 13 0300 220 020 025
723013 KILM1996 07 13 0400 230 018 023
723013 KILM1996 07 13 0500 230 019 023
723013 KILM1996 07 13 0600 230 014 023
723013 KI LM1996 07 13 0619 240 014 019
723013 KI LM1996 07 13 0646 230 011 NaN
723013 KI LM1996 07 13 0700 230 012 NaN
723013 KI LM1996 07 13 0800 250 011 NaN
723013 KILM1996 07 13 1000 220 009 NaN
723013 KILM1996 07 13 1100 210 007 NaN
723013 KI LM1996 07 13 1300 220 010 NaN
723013 KI LM1996 07 13 1400 220 011 NaN
723013 KILM1996 07 13 1500 230 014 NaN
723013 KI LM1996 07 13 1600 240 012 NaN
723013 KI LM1996 07 13 1700 220 012 NaN
723013 KI LM1996 07 13 1800 210 013 NaN
723013 KILM1996 07 13 1900 220 013 NaN
723013 KILM1996 07 13 2000 210 013 NaN
723013 KI LM1996 07 13 2100 210 008 NaN
723013 KILM1996 07 13 2200 200 010 NaN
723013 KILM1996 07 13 2300 190 011 NaN
723013 KI LM1996 07 14 0000 180 011 NaN
723013 KI LM1996 07 14 0100 190 009 NaN
723013 KI LM1996 07 14 0200 200 008 NaN
723013 KILM1996 07 14 0300 190 006 NaN
723013 KILM1996 07 14 0400 210 007 NaN
723013 KI LM1996 07 14 0500 200 005 NaN
723013 KILM1996 07 14 0600 180 005 NaN
723013 KILM1996 07 14 0615 190 005 NaN
723013 KI LM1996 07 14 0643 190 006 NaN
723013 KI LM1996 07 14 0700 200 007 NaN
723013 KI LM1996 07 14 0726 200 007 NaN
723013 KILM1996 07 14 0800 200 006 NaN
723013 KILM1996 07 14 0817 190 005 NaN
723013 KI LM1996 07 14 0824 190 004 NaN
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Appendix C —Winds
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2303
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2324
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0100
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0446
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220
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Sus Cust

( Knots )

005 NaN
006 NaN
006 NaN
005 NaN
003 NaN
004 NaN
006 NaN
007 NaN
007 NaN
006 NaN
005 NaN
006 NaN
009 NaN
010 NaN
010 NaN
008 NaN
008 019
003 NaN
003 NaN
008 NaN
012 020
013 020
011 020
009 NaN
005 NaN
006 NaN
007 NaN
008 NaN
008 NaN
009 NaN
009 NaN
010 NaN
009 NaN
009 NaN
008 NaN
009 NaN
008 NaN
008 NaN
007 NaN
007 NaN
009 NaN
009 017
011 NaN
009 NaN
013 NaN
011 NaN
011 NaN
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus GQust
( Knots )
723013 KI LM1996 07 15 1100 190 011 NaN
723013 KI LM1996 07 15 1200 200 011 NaN
723013 KI LM1996 07 15 1223 200 010 NaN
723013 KI LM1996 07 15 1300 200 013 NaN
723013 KILM1996 07 15 1321 200 014 019
723013 KILM1996 07 15 1344 210 013 NaN
723013 KI LM1996 07 15 1400 200 017 022
723013 KI LM1996 07 15 1429 200 013 020
723013 KILM1996 07 15 1500 200 016 021
723013 KI LM1996 07 15 1517 210 015 020
723013 KI LM1996 07 15 1530 220 016 020
723013 KI LM1996 07 15 1539 200 015 023
723013 KILM1996 07 15 1546 210 017 022
723013 KILM1996 07 15 1600 200 015 020
723013 KI LM1996 07 15 1629 210 017 023
723013 KI LM1996 07 15 1700 220 011 022
723013 KI LM1996 07 15 1717 200 014 020
723013 KI LM1996 07 15 1800 200 015 NaN
723013 KI LM1996 07 15 1847 200 015 021
723013 KI LM1996 07 15 1900 200 017 025
723013 KILM1996 07 15 1906 210 018 023
723013 KILM1996 07 15 1935 200 015 019
723013 KI LM1996 07 15 2000 200 015 021
723013 KI LM1996 07 15 2004 210 017 023
723013 KI LM1996 07 15 2024 210 014 022
723013 KI LM1996 07 15 2038 200 011 022
723013 KI LM1996 07 15 2100 190 017 022
723013 KI LM1996 07 15 2200 210 013 021
723013 KILM1996 07 15 2203 210 011 021
723013 KILM1996 07 15 2300 200 010 NaN
723013 KILM1996 09 01 0000 360 005 NaN
723013 KILM1996 09 01 0100 010 003 NaN
723013 KILM1996 09 01 0200 010 003 NaN
723013 KI LM1996 09 01 0300 340 005 NaN
723013 KI LM1996 09 01 0400 360 006 NaN
723013 KILM1996 09 01 0500 350 004 NaN

Hurri cane Fran

Yr M Da Hr Dir Sus Qust

( Knots )

723013 KILM1996 09 01 0600 360 007 NaN
723013 KILM1996 09 01 0700 010 009 NaN
723013 KILM1996 09 01 0800 010 009 NaN
723013 KI LM1996 09 01 0900 020 007 NaN
723013 KI LM1996 09 01 1000 020 008 NaN
723013 KILM1996 09 01 1100 020 007 NaN
723013 KILM1996 09 01 1200 020 006 NaN
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Appendix C —Winds
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KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996

M Da Hr

09 01
09 01
09 01
09 01
09 01
09 01
09 01
09 01
09 01
09 01
09 01
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 02
09 03
09 03
09 03
09 03
09 03
09 03
09 03
09 03
09 03
09 03
09 03

1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
0000
0100
0200
0300
0400
0500
0600
0700
0800
0900
0904
0924
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
0000
0100
0200
0300
0400
0500
0600
0700
0800
0900
0922

Dir Sus

030
030
020
020
040
050
NaN
110
NaN
120
150
120
NaN
040
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
030
040
050
NaN
050
110
120
110
100
120
110
110
120
100
110
110
140
130
130
130
120
120
130
150
150
170

Qust

( Knots )

009
009
010
010
006
007
000
007
006
004
004
004
000
003
000
000
000
000
000
000
000
000
005
005
003
000
003
009
006
008
010
008
005
005
012
006
006
005
007
006
008
008
009
008
008
011
007
008

NaN
NaN
NaN
NaN
014
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
016
NaN
018
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus CQust
( Knots )
723013 KILM1996 09 03 0929 150 006 NaN
723013 KI LM1996 09 03 1000 110 007 NaN
723013 KI LM1996 09 03 1100 120 007 NaN
723013 KI LM1996 09 03 1200 140 007 NaN
723013 KILM1996 09 03 1211 150 012 019
723013 KILM1996 09 03 1223 130 009 018
723013 KILM1996 09 03 1230 130 007 NaN
723013 KILM1996 09 03 1300 110 008 NaN
723013 KILM1996 09 03 1316 130 013 020
723013 KI LM1996 09 03 1320 140 012 020
723013 KI LM1996 09 03 1324 140 011 020
723013 KI LM1996 09 03 1332 130 013 018
723013 KILM1996 09 03 1335 130 009 018
723013 KILM1996 09 03 1340 120 006 018
723013 KILM1996 09 03 1348 130 010 NaN
723013 KILM1996 09 03 1400 090 006 NaN
723013 KI LM1996 09 03 1444 110 004 NaN
723013 KI LM1996 09 03 1500 NaN 005 NaN
723013 KI LM1996 09 03 1505 140 005 NaN
723013 KI LM1996 09 03 1518 150 006 NaN
723013 KILM1996 09 03 1526 150 007 NaN
723013 KILM1996 09 03 1529 150 007 NaN
723013 KI LM1996 09 03 1531 140 007 NaN
723013 KILM1996 09 03 1538 140 007 NaN
723013 KILM1996 09 03 1541 140 007 NaN
723013 KI LM1996 09 03 1543 130 005 NaN
723013 KI LM1996 09 03 1556 140 006 NaN
723013 KI LM1996 09 03 1600 NaN 004 NaN
723013 KILM1996 09 03 1601 150 004 NaN
723013 KILM1996 09 03 1610 120 005 NaN
723013 KILM1996 09 03 1616 NaN 005 NaN
723013 KILM1996 09 03 1618 110 006 NaN
723013 KILM1996 09 03 1628 090 004 NaN
723013 KI LM1996 09 03 1700 NaN 004 NaN
723013 KI LM1996 09 03 1720 130 005 NaN
723013 KI LM1996 09 03 1728 130 006 NaN
723013 KILM1996 09 03 1800 120 006 NaN
723013 KILM1996 09 03 1825 120 007 NaN
723013 KILM1996 09 03 1900 140 009 NaN
723013 KILM1996 09 03 1911 150 008 NaN
723013 KILM1996 09 03 1946 140 010 NaN
723013 KI LM1996 09 03 2000 130 012 NaN
723013 KI LM1996 09 03 2015 150 009 NaN
723013 KI LM1996 09 03 2100 130 009 NaN
723013 KILM1996 09 03 2105 150 008 NaN
723013 KILM1996 09 03 2200 150 006 NaN
723013 KILM1996 09 03 2300 140 005 NaN
723013 KILM1996 09 04 0000 170 003 NaN
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Appendix C —Winds

723013
723013
723013
723013
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723013
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723013
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723013
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723013
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723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013
723013

Yr

KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996

M Da Hr

09 04
09 04
09 04
09 04
09 04
09 03
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04
09 04

0100
0146
0200
0300
0400
0200
0500
0525
0539
0546
0600
0648
0700
0743
0800
0829
0842
0900
0903
0910
0941
1000
1100
1200
1235
1300
1325
1400
1500
1541
1600
1617
1626
1700
1727
1800
1808
1820
1900
1911
1927
2000
2031
2100
2119
2129
2138
2200

Dir Sus CQust
( Knots )
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
130 006 NaN
330 004 NaN
NaN 000 NaN
NaN 003 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 003 NaN
030 004 NaN
NaN 000 NaN
070 007 NaN
080 004 NaN
060 004 NaN
070 003 NaN
040 003 NaN
050 003 NaN
NaN 000 NaN
010 004 NaN
040 007 NaN
040 007 NaN
040 008 NaN
070 005 NaN
060 006 NaN
060 006 NaN
040 007 NaN
040 005 NaN
060 007 NaN
NaN 003 NaN
100 008 NaN
090 007 NaN
080 007 NaN
070 007 NaN
070 008 NaN
070 008 NaN
080 012 016
080 010 016
080 007 NaN
NaN 004 NaN
NaN 000 NaN
070 004 NaN
060 005 NaN
040 003 NaN
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus CQust
( Knots )
723013 KILM1996 09 04 2300 330 005 NaN
723013 KI LM1996 09 05 0000 010 003 NaN
723013 KI LM1996 09 05 0100 060 003 NaN
723013 KI LM1996 09 05 0200 010 007 NaN
723013 KILM1996 09 05 0211 020 006 NaN
723013 KILM1996 09 05 0237 020 007 NaN
723013 KILM1996 09 05 0300 020 008 NaN
723013 KILM1996 09 05 0400 020 008 NaN
723013 KILM1996 09 05 0411 030 009 NaN
723013 KI LM1996 09 05 0428 030 008 NaN
723013 KI LM1996 09 05 0500 020 008 NaN
723013 KI LM1996 09 05 0600 030 009 NaN
723013 KILM1996 09 05 0700 030 009 NaN
723013 KILM1996 09 05 0732 030 010 NaN
723013 KILM1996 09 05 0800 040 010 NaN
723013 KILM1996 09 05 0802 040 014 NaN
723013 KILM1996 09 05 0806 030 012 NaN
723013 KI LM1996 09 05 0810 040 011 NaN
723013 KI LM1996 09 05 0818 040 010 NaN
723013 KI LM1996 09 05 0840 030 010 NaN
723013 KILM1996 09 05 0848 020 009 NaN
723013 KILM1996 09 05 0900 040 009 NaN
723013 KILM1996 09 05 0913 030 010 NaN
723013 KILM1996 09 05 0922 030 012 NaN
723013 KILM1996 09 05 0924 030 012 NaN
723013 KI LM1996 09 05 0938 020 010 NaN
723013 KI LM1996 09 05 1000 030 010 NaN
723013 KI LM1996 09 05 1023 040 012 NaN
723013 KILM1996 09 05 1100 040 010 NaN
723013 KILM1996 09 05 1200 040 012 NaN
723013 KILM1996 09 05 1219 040 013 NaN
723013 KILM1996 09 05 1300 040 014 NaN
723013 KILM1996 09 05 1327 030 015 022
723013 KI LM1996 09 05 1400 040 015 021
723013 KI LM1996 09 05 1500 050 016 023
723013 KI LM1996 09 05 1600 030 020 026
723013 KILM1996 09 05 1700 040 022 032
723013 KILM1996 09 05 1745 040 023 031
723013 KILM1996 09 05 1800 030 025 030
723013 KILM1996 09 05 1815 030 024 034
723013 KILM1996 09 05 1831 030 026 033
723013 KI LM1996 09 05 1900 030 027 036
723013 KILM1996 09 05 1901 030 027 036
723013 KILM1996 09 05 1906 030 034 041
723013 KILM1996 09 05 1912 040 028 041
723013 KILM1996 09 05 1919 030 028 044
723013 KILM1996 09 05 1923 030 028 042
723013 KILM1996 09 05 1931 030 033 038
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Appendix C —Winds
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723013
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723013
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Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
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KI LM1996
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Kl LM1996
Kl LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
KI LM1996
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KI LM1996
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KI LM1996
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KI LM1996
Kl LM1996
Kl LM1996
KI LM1996
KI LM1996

M Da Hr

09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
09 05
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09 05
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09 06
09 06
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09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
09 06
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09 06
09 06
09 06

1941
1948
2000
2003
2008
2011
2020
2030
2032
2039
2045
2047
2129
2131
2134
2136
2145
2200
2207
2214
2240
2300
2303
2311
2318
2325
2345
0000
0003
0046
0100
0101
0125
0134
0140
0200
0218
0300
0346
0400
0427
0500
0518
0600
0648
0700
0800
0900

Dir Sus

030
030
040
060
050
050
060
050
060
060
060
060
070
060
050
060
060
050
050
050
060
060
060
060
060
060
060
070
060
070
090
090
110
120
140
130
140
170
180
180
190
190
190
200
210
200
200
210

Qust

( Knots )

034
033
029
033
025
026
035
033
035
028
028
026
027
025
027
028
034
032
033
038
034
048
043
039
040
042
044
051
048
046
051
043
035
024
027
033
030
034
032
033
026
034
031
029
029
029
033
029

048
044
047
044
044
043
051
051
051
051
048
040
047
047
045
043
046
043
049
050
060
061
061
064
057
059
068
070
065
068
075
074
056
042
042
049
046
046
039
046
044
049
039
049
043
039
043
041
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus CQust

( Knots )

723013 KILM1996 09 06 0909 210 026 036

723013 KI LM1996 09 06 1000 210 025 039
723013 KILM1996 09 06 1100 210 021 031
723013 KI LM1996 09 06 1500 210 015 027
723013 KILM1996 09 06 1600 220 022 034
723013 KILM1996 09 06 1700 210 023 031
723013 KILM1996 09 06 1800 210 019 025
723013 KILM1996 09 06 1900 190 018 024
723013 KILM1996 09 06 2000 210 015 021
723013 KI LM1996 09 06 2100 190 017 021
723013 KI LM1996 09 06 2200 190 013 021
723013 KI LM1996 09 06 2300 200 014 021
723013 KILM1996 09 07 0000 200 009 017
723013 KILM1996 09 07 0100 200 009 NaN
723013 KILM1996 09 07 0200 210 010 NaN
723013 KILM1996 09 07 0300 190 009 NaN
723013 KILM1996 09 07 0400 190 010 NaN
723013 KI LM1996 09 07 0500 190 010 NaN
723013 KI LM1996 09 07 0600 200 008 NaN
723013 KI LM1996 09 07 0700 200 009 NaN
723013 KILM1996 09 07 0800 190 005 NaN
723013 KILM1996 09 07 0900 190 007 NaN
723013 KILM1996 09 07 1000 190 006 NaN
723013 KILM1996 09 07 1100 190 007 NaN
723013 KILM1996 09 07 1200 210 006 NaN
723013 KI LM1996 09 07 1235 210 010 NaN
723013 KI LM1996 09 07 1300 220 009 NaN
723013 KI LM1996 09 07 1400 240 008 NaN
723013 KILM1996 09 07 1500 220 006 014
723013 KILM1996 09 07 1600 190 009 NaN
723013 KI LM1996 09 07 1700 190 010 NaN
723013 KILM1996 09 07 1800 190 015 019
723013 KILM1996 09 07 1900 180 011 NaN
723013 KI LM1996 09 07 2000 170 013 017
723013 KI LM1996 09 07 2104 170 011 NaN
723013 KI LM1996 09 07 2121 180 012 NaN
723013 KILM1996 09 07 2200 200 008 NaN
723013 KILM1996 09 07 2300 210 006 NaN
723013 KILM1996 09 07 2309 230 008 NaN
723013 KILM1996 09 07 2343 220 003 NaN
723013 KILM1996 09 08 0000 190 005 NaN
723013 KI LM1996 09 08 0100 180 005 NaN
723013 KI LM1996 09 08 0200 180 006 NaN
723013 KI LM1996 09 08 0300 210 004 NaN
723013 KILM1996 09 08 0329 190 006 NaN
723013 KILM1996 09 08 0400 200 006 NaN
723013 KILM1996 09 08 0500 190 005 NaN
723013 KILM1996 09 08 0600 210 006 NaN
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Appendix C —Winds
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KI LM1996
KI LM1996
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M Da Hr

09 08
09 08
09 08
09 08
09 08
09 08
09 08
09 08
09 08
09 08
09 08
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0700
0800
0848
0900
0935
0942
1000
1010
1019
1029
1100
1102
1111
1120
1124
1200
1203
1215
1243
1300
1348
1400
1500
1513
1514
1733
1742
1800
1804
1811
1820
1827
1832
1840
2000
2020
2100
2112
2118
2126
2135
2200
2238
2300
0000
0043
0100
0112

Dir Sus CQust
( Knots )
200 004 NaN
170 005 NaN
180 003 NaN
170 003 NaN
170 003 NaN
160 004 NaN
170 004 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
200 005 NaN
210 006 NaN
230 007 NaN
240 007 NaN
250 004 NaN
210 004 NaN
220 004 NaN
110 006 NaN
190 006 NaN
140 008 NaN
120 008 NaN
120 011 NaN
140 008 NaN
130 009 NaN
130 006 NaN
080 005 NaN
330 015 022
310 014 NaN
300 012 NaN
340 010 NaN
310 007 NaN
300 009 NaN
300 008 NaN
250 005 NaN
180 006 NaN
170 004 NaN
180 003 NaN
320 005 NaN
NaN 000 NaN
NaN 000 NaN
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Hurricane Fran Effects on Communities With and Without Shore Protection:

A Case Studx at Six North Carolina Beaches

Yr M Da Hr Dir Sus CQust
( Knots )

723013 KILM1996 09 09 0200 190 007 NaN
723013 KI LM1996 09 09 0300 180 004 NaN
723013 KI LM1996 09 09 0400 NaN 000 NaN
723013 KI LM1996 09 09 0500 220 003 NaN
723013 KILM1996 09 09 0600 220 003 NaN
723013 KILM1996 09 09 0611 210 004 NaN
723013 KI LM1996 09 09 0634 NaN 000 NaN
723013 KILM1996 09 09 0700 210 003 NaN
723013 KILM1996 09 09 0800 220 005 NaN
723013 KI LM1996 09 09 0900 220 003 NaN
723013 KI LM1996 09 09 0914 200 004 NaN
723013 KI LM1996 09 09 1000 NaN 000 NaN
723013 KILM1996 09 09 1100 230 004 NaN
723013 KILM1996 09 09 1109 230 003 NaN
723013 KILM1996 09 09 1200 240 004 NaN
723013 KILM1996 09 09 1228 250 007 NaN
723013 KILM1996 09 09 1242 240 006 NaN
723013 KI LM1996 09 09 1300 240 008 NaN
723013 KI LM1996 09 09 1307 240 007 NaN
723013 KI LM1996 09 09 1315 250 008 NaN
723013 KILM1996 09 09 1336 250 007 NaN
723013 KILM1996 09 09 1400 250 009 NaN
723013 KILM1996 09 09 1412 260 008 NaN
723013 KILM1996 09 09 1430 240 007 NaN
723013 KILM1996 09 09 1500 230 007 NaN
723013 KI LM1996 09 09 1600 250 005 NaN
723013 KILM1996 09 09 1700 NaN 000 NaN
723013 KILM1996 09 09 1718 150 007 NaN
723013 KILM1996 09 09 1727 140 006 NaN
723013 KILM1996 09 09 1800 030 005 NaN
723013 KILM 1996 09 09 1802 050 006 NaN
723013 KILM 1996 09 09 1807 080 005 NaN
723013 KILM 1996 09 09 1900 160 008 NaN
723013 KILM 1996 09 09 2000 180 008 NaN
723013 KILM 1996 09 09 2046 200 012 NaN
723013 KILM 1996 09 09 2100 210 006 NaN
723013 KILM 1996 09 09 2113 190 007 NaN
723013 KILM 1996 09 09 2200 200 007 NaN
723013 KILM 1996 09 09 2300 200 005 NaN
723013 KILM 1996 09 10 0000 190 006 NaN
723013 KILM 1996 09 10 0100 190 006 NaN
723013 KILM 1996 09 10 0200 190 006 NaN
723013 KILM 1996 09 10 0300 200 004 NaN
723013 KILM 1996 09 10 0400 200 003 NaN
723013 KILM 1996 09 10 0500 190 004 NaN
723013 KILM 1996 09 10 0600 NaN 000 NaN
723013 KILM 1996 09 10 0700 NaN 000 NaN
723013 KILM 1996 09 10 0800 NaN 000 NaN
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Appendix C —Winds
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Yr

1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996

M Da Hr

09 10 0826
09 10 0833
09 10 0839
09 10 0843
09 10 0900
09 10 0903
09 10 0907
09 10 0916
09 10 0921
09 10 0928
09 10 0939
09 10 1000
09 10 1002
09 10 1010
09 10 1012
09 10 1014
09 10 1023
09 10 1044
09 10 1046
09 10 1100
09 10 1110
09 10 1114
09 10 1200
09 10 1300
09 10 1400
09 10 1500
09 10 1600
09 10 1614
09 10 1700
09 10 1725
09 10 1800
09 10 1804
09 10 1814
09 10 1900
09 10 1903
09 10 1931
09 10 2000
09 10 2038
09 10 2046
09 10 2100
09 10 2116
09 10 2129
09 10 2200
09 10 2300

Dir Sus CQust
( Knots )
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
NaN 000 NaN
230 004 NaN
250 005 NaN
170 006 NaN
180 009 NaN
160 011 NaN
160 006 NaN
170 004 NaN
160 003 NaN
190 006 NaN
180 005 NaN
200 003 NaN
200 006 NaN
170 010 NaN
160 004 NaN
160 008 NaN
160 006 NaN
180 007 NaN
180 011 NaN
180 008 NaN
170 006 NaN
NaN 000 NaN
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Hurricane Fran Effects on Communities With and Without Shore Protection:
A Case Studx at Six North Carolina Beaches

Plots of Wind Speed and Direction at Offshore Tower s (Frying Pan Shoals and Cape
L ookout)
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Wave M odeling Procedures.

Equation (1). The wave modeling effort was performed in two stages, using two modeling
technologies, WAM (Komen et a 1994) for the basin, region, and sub-region scales of the
project. For the nearshore domain STWAVE (Smith et a 1999) was used and coupled to the
surge estimates generated by ADCIRC (Chapter 3 Paragraph B). Both modeling technologies
solve the action balance equation:

1

o T T ., il
— N + (cos — (7 cosj N) +— (I N) + —
it ( J)ﬂj(J j N) ‘ﬂl( )

WN) + - GN) = S @
w fia
where N = action density (function of frequency f, direction q, space, and time t)
action density is defined as energy / intrinsic angular frequency

f =isthey coordinate

| = isthex coordinate

g = isthedirection

w = istheradial frequency

S = arethe source/sink terms (Siy + Sy + Sgs + Swb)

WAve Model. WAM is a third-generation model, where no a priori assumptions governing the
spectral shape are applied as in the case of second-generation models. In addition, the
specification of the source/sink terms. the atmospheric input (Sy), the nonlinear wave-wave
interaction (S,), high frequency dissipation, or white-capping (Sg), and for arbitrary depth
application wave-bottom effects (Sy.p) are solved explicitly in the same frequency/direction
gpace of the modeled spectrum. The action balance equation is solved for the spatial and
temporal change in the directional wave spectrum. It is solved first for the propagation effects,
or terms 2-4 on the left-hand side of Equation 1. The source/sink terms are then solved over the
entire domain.

STeady WAVE. STWAVE solves the spatia rate of change in energy density (N=E/T where E
is energy density) described by a 2-D spectrum. STWAVE neglects the time rate of change or
the first term on the left in Equation 1, however, it can accurately simulate temporal changes in
the nearshore wave environment. This can be accomplished without loss in accuracy provided
that the STWAVE domain is sufficiently close to the coast and that al energy described by the
offshore boundary has sufficient time to propagate through the entire domain to the shore. A
pseudo-time stepping procedure is performed, by forcing the STWAVE domain with spectra at a
fixed boundary at hourly time steps.
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Wave Modedl Verification.

Hurricane Bertha Regional WAM Comparisons.

Figures C-1 and —2 display time plots of comparisons between WAM and measurements for the
energy based wave height (or, Hyo derived from the integration of the 2-D spectrum in frequency
and direction) for Bertha at Buoy 41002 and at Frying Pan Shoals. It was unfortunate that data
were not available from buoy 41002, because WAM show two distinctive peaks in the wave
height trace. At the Frying Pan Shoals, only one peak in both measurements and model results
occurred. In genera there is a fairly well defined wave height gradient evident in the maxima
derived from either the model or measurement results. This gradient ranges from a minimum of
about 5.8m (at 41002) to a maximum of 8.8m at Frying Pan Shoals. One must also note the
water depth in the area surrounding Frying Pan Shoals is approximately 14m, and depth induced
wave breaking occurred.

Figure C-1. Wave Height Comparison for Bertha Buoy 41002
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Figure C-2: Wave Height Comparison for Hurricane Bertha Frying Pan Shoals.
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Hurricane Fran Regional WAM Comparisons.

Asindicated in Figures C-3 and C-4, WAM compares exceptionally well to the buoy site with
exception of under estimating the peak of Edouard because of the winds. For the Fran time
period, the growth sequence, storm peak, decay, and the phasing at the peak of the storm are well
replicated. Peak to peak comparisons under estimate the maxima at Buoy 41004 by 0.25m.
Frying Pan Shoals shows nearly a 1:1 correspondence of 9.6m. These comparisons demonstrate
again the wind field's accuracy, and also the reliability of WAM estimating hurricane wave

conditions.

simulations and into the nearshore domain.

It also provides a basis of credibility for the remainder of the wave model

Figure C-3: Wave Height Comparison for Hurricane Fran Buoy 41002
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Figure C-4. Wave Height Comparison for Hurricane Fran Frying Pan Shoals
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Coupled Wave (STWAVE) and Surge Estimates.

Simulation of the combined effect of water level variations on a wave modd for the 4
specified study sites are dependent upon the water level estimates derived from ADCIRC, the
elevation/water depth information and the wave modeling technology in the estimation of the
local scale wave climate. Unlike the region and sub-region domains, inaccuracies in the
elevation data of £1 m will have a significant impact on whether land is flooded by the surge,
because the maximum storm surge levels ranged from 1.46 to 1.61 meters. As previousy
mentioned, the number of elevations were limited to the resolution of the ADCIRC finite
element grid at the study sites. These estimates were then spatialy interpolated (two-
dimensional cubic spline fit) to the STWAVE mode grid with a fina resolution of
approximately 200 meters.

The surge levels from ADCIRC were used as input conditions to STWAVE. At each
time interval the STWAVE water depth grid (now described with bathymetry seaward of the
shoreline and elevation information landward) was adjusted to include the surge. If landward
points were susceptible to flooding, the STWAVE grid was modified and included those points
aswater. The offshore water depths were also adjusted.

STWAVE was run in a pseudo-time stepping mode. Forcing conditions were provided
from input spectra generated from the WAM sub-region ssimulations, a wind condition (assumed
to be spatially constant over the domain) and the water level estimates derived from ADCIRC.
The latter information was used to adjust the STWAVE water depth grid at each time step of one
hour. The 2-D spectra were transformed, energy added if the winds were blowing +45° from
perpendicular to the orientation of the STWAVE grid system. For the two hurricane simulations,
the input spectra were nearly saturated with energy so only about 2-5 percent additional energy
was added.

As in the case of the WAM sub-region simulation, the best form to present the final wave
estimates are significant wave height color contour plots occurring at the peak of Bertha and
Fran.
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A. INTRODUCTION

Data concerning the impact of Hurricanes Bertha and Fran in 1996 upon the NC coastline
suggest that the underlying geologic framework played a varying influential role in determining
the shoreline response and subsequent beach recovery along various shoreline segments. Each
shoreline reach within the 115km long impact area between New River Inlet and Cape Fear NC,
as well as different segments of the same shoreline reach, responded with varying degrees of
susceptibility to damage and recovery. Some coastal segments (Wrightsville and Carolina/ Kure
Beaches) have recovered through natural processes and profile manipulation; however, many
severely impacted areas (much of Topsail 1sland) are now at an even higher risk due to the sand
deficit produced by the recent storms. Millions of cubic meters of sand were transported either
across the low profile barrier isands or onto the shoreface, a maor portion of which is
permanently lost to the beach system. This does not bode well for the future of those shoreline
segments without renourishment plans and with a continued interest in shoreline development.
Some coastal areas along Topsaill Isand are so damage prone that future development should be
serioudly re-evaluated.

This report will consider the site-specific geologic settings of six study sites that include
North Topsail Beach, Surf City and Topsail Beach along severely impacted Topsail Island, as
well as Wrightsville, Carolina and Kure Beaches where impacts varied considerably. The study
is approached from the perspective of how the underlying geologic framework (beneath the
shorelines and shoreface) might have influenced the individua shoreline segments response to
the hurricanes (Figure E-1).

B. METHODS AND APPROACH

To accomplish the objectives, critical databases (i.e., seismic, sidescan, vibracore, and
surface sediment, etc.) were integrated from the shoreface with data from each of the shoreline
reaches. The study sites consist of both headland and barrier segments for which there are a
variety of onshore and offshore data. Various levels of quality, completeness, and interpretation
characterize these data.

Sidescan sonar and high-resolution seismic surveys are available for the offshore portion
of most of the study sites. Some of the sidescan sonar and seismic data exist in GIS coverages
that have been used to define salient morphological features and the specific nature of the
shoreface. Key elements that have aided the interpretation of the remotely sensed data are
extensive diver seafloor observations, vibracores, and “field” maps describing the shoreface.
From these data, mosaic maps of the seafloor, geologic facies maps, geologic cross sections,
morphological maps of the shoreface and 3-D models for some of the study sites were generated.
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Figure E-1: Location Map
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C. GEOLOGIC SETTING OF THE IMPACT AREA

The coastwise configuration of the entire North Carolina coastline reflects major
differences in the heritage derived from the underlying geological framework. Cape Lookout
separates the North Carolina coastal system into two large-scale coastal provinces. Each
province has a unique geologic framework that results in distinctive types of headlands, barriers
and estuaries.

The four study sites are located within the southern province that extends from Cape
Lookout to Sunset Beach, NC. Primarily relatively old rock units underlie the entire region.
These rocks which range in age from the Upper Cretaceous through the Pliocene are associated
with the Carolina Platform which underlies the region (Figure E-2). This structural platform has
risen dightly causing the rocks to dip to the north and east, causing them to be truncated by the
landward migrating shoreline and shoreface system (Riggs et a., 1995). Consequently, an
erosiona topography exists along the southern coastal province with exposures of these rock
units on the shoreface. Scattered Pleistocene rock units occur in the far southern reaches of the
study area particularly off the Carolina/lKure Beach headland segment.

The storm impact area can be further subdivided into a series of shoreline reaches based
upon different spatial orientation of the shoreline, shoreface gradient and salient bathymetric
features such as shore-attached ridges and hardbottom features. These variables determine the
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nature of the storm and hydrodynamic settings that define the specific shoreline physiography,
storm response and beach recovery.

The southwest portion of Onsdow Bay is a broad, shallow, high-energy shelf system
(FigureE-1). Unconsolidated sediment cover is thin and variable as indicated by a large
frequency of rock outcrops. Holocene sediment accumulation in Onslow Bay is negligible due
to 1) low fluvia input, 2) entrapment of sediments in extensive estuarine systems, and 3) lack of
sediment exchange between neighboring Raleigh and Long Bays (Cleary and Pilkey, 1968;
Milliman et a., 1972; Cleary and Thayer, 1973; Blackwelder et a., 1982; and Riggs et al., 1995).
Holocene sediment distribution and composition is controlled largely by the outcrop pattern of
Tertiary and Quaternary sequences. It consists of a mixture of residual or palimpsest sediments
derived from the erosion and reworking of the underlying stratigraphic units (Luternauer and
Pilkey, 1967; Cleary and Pilkey, 1968; Macintrye and Pilkey, 1969; Cleary and Thayer, 1973;
Mixon and Pilkey, 1976; Crowson, 1980; Blackwelder et al., 1982; Riggs et al., 1985; Snyder et
a., 1982; and Hine and Snyder, 1985). A series of eroding headlands occur along the North
Carolina coast (Cleary and Hosier, 1979; 1987; Pilkey et a. 1993; and Riggs et a., 1995).
These represent paleo-topographic highs of Pleistocene or older units that occur in the
subsurface. The Carolina Beach/Kure Beach and North Topsail Beach areas are examples of
headland influenced shorelines.

1. TOPSAIL ISLAND BACKGROUND AND SETTING

Topsail Idand is the second longest barrier within the Onslow Bay section of North
Carolina. The idland is bordered by the New River Inlet to the north and New Topsail Inlet to
the south (Figure E1). The idand is approximately 38 km long and averages approximately 280
m in width. The northeast-southwest barrier orientation exposes the island to frequent winter
storms. Prior to 1941, the island then known as Ashe Idland, was used as a stock grazing range,
with no development or access to the mainland. Between 1941 and 1947 the island was used as
a US Military Reservation. The military constructed the first paved road and provided a
drawbridge for access to the mainland. Development began in the early 1950's severa years
after the idand’'s ownership returned to the private sector. The idand consists of three
communities: North Topsail Beach, which comprises the northern 18.7km section, Surf City,
which covers the central 8.8km of the barrier and, Topsail Beach, which extends along the
southern 7.2km of theidand. All three were severely impacted by the Hurricanes of 1996.

Topsail Idand is situated in a severe or chronic overwash zone (Plate E-1). Storms
during the period 1944 to 1962, and the late 1980's were particularly devastating to the island.
In 1989 Hurricane Hugo impacted severa sections of the isand particularly North Topsail
Beach. Hurricane Hazel (1954) and the Ash Wednesday storm (1962) caused significant damage
along the entire barrier. Hurricane Hazel generated a 2.9m above mean sea level (MSL) flood
level on an island whose average elevation is 2.7m above MSL. Sand was transported across the
island toward the sound and marsh in the form of washover fans. The grasslands and dune fields
rest upon washover fan and terrace sediments. The crenulate border of the shrubs marks the
landward edge of the overwash fans/terraces. During Hurricane Fran much of the idand was
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overtopped resulting in the formation of massive and extensive washover topography. Washover
penetration along North Topsail beach ranged from 20m to 300m (Plates E-2 and E-3).

The dune system along most of the island prior to Hurricane Fran was generally a single
foredune often scarped. Along major portions of northern and southern extremities of the island
an artificial dune fronted much of the North Topsail and Topsail Beach communities. Some
areas had multiple dunes, such as the 1km segment downdrift of New River Inlet.

Three inlets have affected the morphology and erosion patterns along Topsail 1sland since
1800. These inlets are New River, Stumpy and New Topsail Inlets. Stumpy Inlet opened and
closed in the mid-1800's. The extensive vegetated flood tidal delta of this inlet is now the site of
Surf City. Thislow area was one of the hardest hit areas along the entire island.

a. North Topsail Beach

New River Inlet forms the northern boundary of Topsail Island, and fronts the largest
coastal plain estuary in the Onslow Bay compartment (Figure E-1). The position of the inlet is
controlled by the location of the ancestral channel of the river system. Cores, seismic data and
the distribution of outcrops on the shoreface indicate the paleochannel is incised into the
Belgrade Formation (Figures E-3 and E-4). As a result of this incision, the shalow inlet has
migrated within a 3km wide zone. The current position of the inlet marks the southern boundary
of this zone.

The hydrodynamics of this inlet and estuary were changed considerably by the dredging
of the Atlantic Intracoastal Waterway (AIWW) and the channels connecting the estuary with the
open ocean. The earliest photographs (1938) and charts indicate the inlet and the main channels
were clogged due to reduced tidal flow. In 1940 a 3.7km long navigation channel was dredged
connecting the Waterway with the inlet. The early 1960's marked the advent of sidecast
dredging of the throat and outer bar channel for navigation purposes.

The morphology and erosion/accretion patterns of the inlet’s shoulders have changed
appreciably since 1960. During the past 38 years the portions of the Topsail 1sland oceanfront
adjacent to the inlet has prograded more than 40 m. In contrast chronic erosion has characterized
the Ondow Beach shoulder. The erosion and accretion trends are related to the Slow
southwesterly migration of the inlet and the location of the ebb channel on the Topsail Iland
shoulder. The asymmetric development of the ebb delta favored the welding of swash bar
packages along the Topsail 1sland shoreline. Accretion associated with the inlet extends along a
1.5km zone and represents the only segment along the northern end of the barrier experiencing
progradation (Plate 1). All of the multi-unit dwellings along the northern end of the island are
sited seaward of the 1960 shoreline. The multiple dunes protected most of these structures from
the structural damage that characterized the beach further south (Cleary, 1996; and Cleary and
Pilkey 1996).
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b. North Topsail Beach Shoreface Characteristics.

From the beach toe seaward, the shoreface off North Topsail Beach is predominately
composed of outcrops with a thin, patchy veneer of carbonate-rich palimpset and modern
guartzose sediments (Johnston, 1998). Thicker sediment accumulations occur in topographic
lows, typically associated with scarps or depressions and channel features (Figure E-5). The
northern portion of the study site is dominated by a platform-like feature composed of well
indurated, Oligocene sandy moldic limestones (Figures E-6 and E-7). The irregular nature of
this limestone platform probably influences the incident waves and the erosion aong the local
headland influenced beaches. Salient bathymetric features are located on both sides of New
River Inlet. Fathometer sonargraphs (Figure E-8) from this region generally show a highly
irregular karstic surface with low (<0.5 m) and high relief (>2.0 m) scarped hardbottoms
bordering flat hardbottoms. The frequency of hardbottoms and scarps increases from the
southern end of North Topsaill Beach to the north, and spacing between the scarps generaly
varies considerably. Relief of the scarped hardbottoms increases north of Alligator Bay (Figures
E-3 and E-4). Moderately high-relief (1-1.5m) landward facing scarps are common in this area.
Presumably these features and the intervening plateau-like hardbottom areas exerted a major
influence on sediment transport during and after the passage of Hurricane Fran.

The bathymetry seaward of the central portion of North Topsail Beach shows severa
poorly defined shore-normal linear topographic lows. These linear features appear to be
channels or channel-like topographic lows that trend to the south and southeast and are bordered
by variable relief hardbottoms (Figures E4, E5 and E6). Although one meter high scarps occur
along the southern portion of the area, the sea floor relief is generally more subdued (Figure E-
8). This difference in bathymetry probably reflects a different underlying rock type.
Sonargraphs from the southern end of the study area generally show smoother profiles. A small
number of diver observations are available for the southernmost profiles. The information
indicates the bottom is composed of sand that has buried the underlying low relief hardbottom
units.

(1). Seismic Data

Interpretation of the seismic data is based on a summary of unpublished data (Johnston
1998). The seismic data were related to rock units based on correlation between the units
exposed on the Topsail 1dand shoreface and those exposed at inland quarry locations in Onslow
County. The uppermost stratigraphic unit recorded in the seismic data outcrops over most of the
shoreface, and is correlative to the upper Oligocene Belgrade Formation. Another unit outcrops
off Topsail Idand seaward of the Alligator Bay area and is correlative to the lower Oligocene
Trent Formation (Figure E-6).

Well- indurated sandy limestones of the Belgrade and Trent Formations are exposed over
most of the northern portion of the North Topsail Beach shoreface, and are truncated by the
erosiona surface of the seafloor (Figure E-7). Because these units crop out over most of the
study area, their geometry and composition significantly affect the shoreface morphology and
bathymetry. Channels of various ages and origins are incised into the limestones. Some of the
rock infilled channels are represented as bathymetric highs. Other channels are backfilled with
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unconsolidated Quaternary fluvia sands and estuarine muds, and situated in bathymetric lows
(Figure E-7).

(2). Sidescan Data.

A sesfloor sidescan mosaic of the shoreface is limited to the region north of Alligator
Bay to New River Inlet (Figures E-4 and E-5). Lighter colored areas on the mosaic correspond
to finer sands, while darker colored areas correspond to coarser material and rock outcrops
(hardbottoms). The inferred seafloor types were verified by diver observations. Sea floor
observations and the sidescan sonar mosaic indicate that the shoreface along the northern portion
of Topsail Beach is dominated by low to moderate relief (0.1-2.0m) hardbottoms. This extensive
hardbottom area is a corrugated surface marked by numerous small-scale depressions.
Generally, significant modern sediment accumulation is restricted to large-scale shore normal
linear features that extend across the shoreface. These channel-like features are depicted in
Figure 5 and represent sediment ponds formed by the local hardbottom relief.

The sediments contained within the seaward extensions of these features are usually less
than one meter thick. These linear sediment accumulations are not imaged well on seismic
profiles. Cores recovered along the length of North Topsail Beach indicate the surface of the
underlying Oligocene limestone is undulating. The shape of the karstic surface is probably a
result of the combined effects of dissolution, collapse and fluvia erosion during low stands of
sea level. The section of the barrier that fronts Alligator Bay overlies a relatively deep saddle in
the surface of the limestone. In this region the relief on the limestone is estimated to be 3.0 to
5.0m. The southernmost channel on the shoreface (Figure E-5) may be a seaward extension of
the feature that forms Alligator Bay.

The aforementioned linear features, which comprise about 30% of the sidescan sonar
mosaic, are filled with thin units of carbonate-rich gravelly sand. They are probably pathways
for cross-shore transport of material mobilized during storm events (Figure E-5). The basa
portions of the steep landward scarps of the adjacent intervening high hardbottoms are often
fronted by coarse gravel or are scoured and free of sediment accumulation (Figures E-9 and E-
10). These associations suggest that the scarps divert seaward directed sediment flows
alongshore and into the intervening lows (Figure E-5).

The remaining portion of the shoreface is characterized by low to moderate relief
hardbottoms and limited areas of high relief hardbottoms. Modern sediments usually form an
exceptionally thin mobile veneer over the limestone hardbottoms. Generaly the sediments
contain up to 30 % gravel. Limestone clasts are common constituents reflecting the contribution
of the underlying hardbottoms.

(3). Genera Stratigraphy.

The top of the Oligocene is an erosional unconformity with a very irregular surface that
reflects the pre-Pleistocene system of drainages and intra-stream divides. Lowstands of sea level
during subsequent glacial episodes, led to the erosion of much of this previously deposited
sediment sequence, preserving only scattered remnants on the shoreface. A major sequence of
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Pleistocene sediments underlies the present barrier/lagoon system and the mainland. The
preserved sediments consist primarily of estuarine muds and peats.

The ongoing rise of Holocene sea level has produced the modern coastal system that is
superimposed upon the Oligocene units and preserved remnants of the Pleistocene coastal
sediments. The modern coastal system is riding up and over these older units, which are being
eroded on the seaward side (Plates E-2 and E-3). Consequently, in coastal segments poor in sand
(i.e., dominated by the Belgrade Formation or Pleistocene muds and peat) there is a deficiency of
sand on the beach and across the shoreface.

(4). Shoreface Sediments.

The modern sediment cover on the shoreface off North Topsail Beach is generaly too
thin to vibracore, except in bathymetric lows or in the paleochannel of the ancestral New River.
Four short vibracores (20-100 cm) taken within the hardbottom area immediately south of the
inlet (Figure E3) contained graded shelly quartz sand and a very coarse basal unit with abundant
rock fragments. Cores collected from the channel-like bathymetric lows were aso very short (20
—30 cm) and consisted of gravelly sands overlying gray mud.

(5). Storm-Related Shoreline Impacts.

Dunes along the oceanfront were damaged to some extent as a result of Hurricane Bertha.
The small amount of recovery due to natural recovery and artificia profile manipulation did little
to improve the beach conditions before Hurricane Fran struck seven weeks later. Recession of
the high water line (HWL) aong North Topsail Beach due to these two storms was significant.
The average overwash penetration associated with Hurricane Fran varied along the beach from
8m near the prograded dune segment to more than 260 m at the northern end. Changes in the
island width following Hurricane Fran varied and were a function of the local conditions, which
dictated the amount of foreshore retreat and overwash penetration. The coastwise changes in
barrier width varied from an 18m decrease along the inlet-influenced segment to an increase of
248m near the storm breach. (Cleary et al., 1999).

Post storm bi-monthly topographic surveys were conducted between 8/97 and 8/98 at six
stations established along an 8km long shoreline segment. The highest elevations recorded along
the northernmost monitoring stations were the result of manipulation by bulldozing and fill
placement. Seasonal changes were evident as the berm height and the profile steepness varied.
The net changes during the storm-punctuated period amounted to a net gain of less than one
meter. Along the breached segment of the barrier dramatic fluctuations in the foreshore were
due to repeated bulldozing of the profile. Over 40m of the artificial dune and beach were eroded
during Hurricane Bonnie (8/98). Another dune was then constructed in the fall of 1998. Little
natural recovery has occurred south of the access road. Since the initial survey in 8/97 the HWL
has retreated a net distance of 10m along much of this section of the shoreline.
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c. Surf City.

Surf City occupies the central 8.7km of Topsail Beach (Figure E-1). The mgority of the
barrier in this vicinity fronts the relict flood tidal deltas of Stumpy Inlet that opened and closed
severa times during the eighteenth and nineteenth centuries. The finger canals were dredged in
the mid to late 1960's across the surface of the marsh that caps the coalesced flood tidal deltas
(Plate E-4).

The average long-term erosion rates published for the southern portion of Surf City range
from zero to 2 ft/y. In contrast the northern portion of this shoreline segment was characterized
by accretion rates up to 3 ft/y (Benton et a., 1993). These erosion rate data do not adequately
portray the pre-storm shoreline conditions, particularly the nature of the dune line during the
summer of 1996. In many places the dunes were low, scattered and often scarped. The areas
with some of the worst damage were shoreline segments characterized by long term accretion
(Plates E-4 and E-5). Overwash in the aforementioned segments extended across much of the
low-lying barrier and into the canals. The southern portion of Surf City was less susceptible to
overtopping and overwash penetration was greatly reduced due to the topographically higher
foredune and adjacent dune field.

In comparison to the other study sites little detailed information exists on the nature of
the shoreface off Surf City. Reconnaissance surveys indicate the shoreface off Surf City beyond
the toe of the active beach, is characterized by a very thin, mobile veneer of fine quartz sand and
carbonate gravel overlying flat limestone hardbottoms. Bathymetric profiles depicted by
Figures E-11 and E-12 indicate the lack of significant relief across the limestone surface. The
moldic limestone that crops out over much of this area has been correlated to the Oligocene
Trent Formation. Preliminary mapping by divers indicates the low relief, well- indurated, moldic
limestone is riddled by boring organisms and encrusted by a variety of epifauna. These bottom
communities are not as well developed as they are off North Topsail Beach. The mobile nature
of the bottom presumably precludes extensive development of these bottom communities. The
periodic exposure of extensive areas of hardbottom presumably plays a role that affects near
bottom currents and wave orbitals and ultimately cross-shore transport of sediment during
storms. Much of the modern sediment cover consists of thin, graded beds overlying bored and
encrusted limestone hardbottoms. This sequence suggests the thin sediment veneer is
remobilized frequently.

d. Topsail Beach

New Topsail Inlet (Figure E1) separates Topsail 1sland to the northeast and Lea Iland to
the southwest. Historic coastal charts and maps indicate this inlet existed as early as 1738.
Since 1738, New Topsail Inlet has steadily migrated to the southwest, a distance of
approximately 9.5 km. During the period 1856-1963 the inlet migrated 1830 m to the southwest
a an average rate of 19.2 m/yr. Migration rates of 35 m/yr have characterized the inlet over the
past two decades.

Inspection of controlled aerial photographs from 1938-98 suggests the inlet gorge has
been positioned close to the Lea Island shoulder during the majority of the period. The
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orientation-of the main ebb channel across the ebb tidal delta platform has changed on a cyclical
basis and as a result has dictated the patterns of erosion/accretion on the adjacent shorelines
(Cleary, 1994).

Extensive beachfront development on the southern end of Topsail Island began in the
early 1950's. The cottages and motels which date from this period were constructed on the
primary dune which paralleled the southwesterly extending recurved spit. As New Topsail Inlet
migrated, the bulbous recurved portion of the dune ridges also reformed to the southwest in
accordance with the position of the inlet. Migration resulted in a realignment and truncation of
the updrift trailing shoreline (Cleary, 1994).

The chronic erosion that currently characterizes this area, stems predominantly from the
recession of the primary recurved dune line as the inlet has migrated. Erosion of oceanfront lots
associated with New Topsail Inlet migration and spit elongation has been accelerated by the
occurrence of numerous storms. Some of the most extensive washover fans and terraces
developed during Hurricane Fran on Topsail 1sland were mapped in this area of Topsail Beach
(Plate E-6).

(2). Shoreface Characteristics.

The data from reconnaissance studies of the shoreface off Topsail Beach consists of
Sidescan surveys obtained prior to Hurricane Bertha (4-6 July 1996); a follow up survey (1
August 1996), and a second resurvey in the aftermath of Hurricane Fran. Several different
sidescan sonar systems were utilized and differences are reflected in the quality of the data. Fifty
km of subbottom profiles, several vibracores and grab samples were also obtained.

The Topsail Beach shoreface is similar to the other study sites and is characterized as a
sediment starved region where bioerosion and reworking of Tertiary and Pleistocene units
provide the primary sources of modern sediments. A thin patchy veneer of modern sediments
covers the flat to low relief Oligocene limestone hardbottoms (Figures. E-13 and E-14) and
severa incised Quarternary fluvial channels (McQuarry, 1998). The channels appear as dark
colored areas, interpreted to be coarse sediments, on the sidescan sonar profiles. The continuity
of the channels vary but some can be traced across the shoreface. Grab samples indicate the
channels are lined with shell lag and minor amounts of quartz sand. Large, bored Mercenaria
shells are found within and around the channel margins. A thin discontinuous sty quartz unit,
less than 1 m thick, blankets the intra-channel and hardbottom areas (Figure E-13). This
sediment is lithologicallly similar to the underlying unconsolidated Oligocene unit (McQuarry,
1998).

Overdl, there was relatively little change associated with the hurricanes of 1996. No
notable structural changes occurred within the areas dominated by hardbottoms. Because the
sidescan sonar surveys were obtained with three different systems, there was some difficulty
with interpretation of the images as the backscatter intensities varied. It was possible to ascertain
that the greatest change recorded was the movement of the medium to fine grained sediments.
Prior to Hurricane Bertha, there was a thin blanket of these sediments on some of the
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hardbottoms. Subsequent to both Hurricanes Bertha and Fran, additional areas of hardbottoms
were exposed. In addition, the channel features on the pre-hurricane surveys, imaged as high
acoustic backscatter areas on the sidescan swaths, appeared dlightly obscured on the post-storm
surveys. It is likely that a thin layer of sediment was deposited within the low areas that was
initially characterized by coarse material (McQuarry, 1998).

(2). Storm-Related Shoreline Impacts.

Hurricane Bertha resulted in the overtopping of the southernmost 1.8km of Topsail Beach
and the formation of minor washover topography. Following Hurricane Fran, the most extensive
overwash occurred along the southern 3.4 km of Topsail Beach. Overwash terraces extended
100 to 200m across the flattened profile. Almost al of the dunes were eroded. North of the
southernmost 3.4km shoreline stretch, overwash was sporadic. Newly formed washover
topography varied along this segment encompassing the northern portions of Topsail Beach to
the southern limits of the Town of Surf City. Some stretches showed no evidence of overtopping
while other segments were completely overtopped.

It is difficult to determine the influence of the geologic framework upon the storm
impacts along this shoreline reach and shoreface due to the lack of sufficient data. The fact that
this area was a chronic erosion and overwash zone makes the task more difficult. The pre-storm
condition of the southernmost portion of the Topsail Beach foreshore probably played a greater
role in dictating the storm’s impact and subsequent shoreline recovery. Much of the erosion over
the past several decades along this section of the barrier stems from planform readjustments
associated with the migration of New Topsail Inlet. Much of the erosion and structural damage
recorded is related to the pre-storm erosion history and not the underlying geology. The geologic
framework probably plays a significant role in the long-term morphology of Topsail Beach
which isrelated to shoreface sediment sources and availability.

Shoreline recovery aong Topsail Beach will be influenced by the regional availability of
sediment on the shoreface. Studies of the shoreface within Onslow Bay have shown that
hardbottoms are a significant source of sediment through bioerosion. While sandy limestone
hardbottoms do exist off Topsail Beach, they are flat and often covered with a thin sediment
veneer. The composition and morphology of the hardbottoms suggests that these areas
contribute little to the overlying sediment cover and ultimately the beach system. The
unconsolidated Oligocene sequence that forms the upper stratigraphic unit over portions of the
shoreface is thought to be a maor source of the fine sand and silt that blankets major portions of
the area. Muddy material that has been reworked from the scattered paleochannels may also be a
contributor. The availability of "beach-quality” material on a regional basisis limited. The lack
of sediment on the shoreface trandates to alack of sand for the shoreline.

2. WRIGHTSVILLE BEACH AND SHELL ISLAND.

Wrightsville Beach is a 7.3km long developed barrier island located east of Wilmington
(Plates E-7, E-8 and E-9). Because of its proximity to Wilmington, it was one of the first
barrier islands in North Carolina to be developed as a resort. Bathhouses and summer cottages
built in the 1860's were serviced by atrolley line that was completed in 1889. A compilation of
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data from aeria photographs and historical charts shows that the entire idand rests on inlet fill.
Moore's Inlet, now closed, was the mgor inlet in the area during the past century. Erosion on
Wrightsville Beach is not a new problem. From the earliest attempts at building along the
oceanfront, erosion problems have existed. For example, between 1923 and 1939, more than two
dozen concrete and timber groins were emplaced aong the shoreline in an attempt to halt
erosion. The first attempt at replenishing the sand lost to erosion occurred in 1939, when sand
was pumped onto the beach (USACE, 1982).

Between 1944 and 1965, four major hurricanes (including Hurricane Hazel in 1954) and
a number of winter nor'easters resulted in significant shorefront erosion. In 1965, the
Wrightsville Beach Erosion Control and Hurricane Protection Project was constructed along
4515m of ocean shoreline which extended north from the Masonboro Inlet jetty to the town's
northern limit. Additional sand was pumped on the shore to close Moore's Inlet, located 450m
north of the town.

Between 1938 and 1965, Moore's Inlet (now closed) migrated along a 1.5 km section of
Wrightsville Beach and adjacent Shell Idand. Historic aerial photographs, maps, and charts
show this inlet affected the shape of the adjacent barrier island beaches by producing a convex
shoreline protuberance immediately adjacent to the inlet (Plate E-8). This bulge is common
along inlet influenced shorelines where sand packets in the form of swash bars derived from the
protective ebb tidal delta weld onto the adjacent beaches. The end result is a shoreline that
curves seaward. Following the artificial closure of Moore's Inlet (1965), the building line and
roads along the new northern corporate limits were extended and basically paralleled the pre-
closure curved shoreline. Much of the erosion along the restored northern part of Wrightsville
Beach stems from the relict convexity of the restored shoreline (Plates E-7 and E-8).

Evidence for rapid erosion aong the newly annexed portion of Wrightsville Beach
fronting Moore's Inlet was obvious by the late 1960's. This recession necessitated the placement
of additional sand on the northern half of the beach. By the middle 1970's, homes and structures
along the northern flanks of the bulge were fronted by bulkheads and walls of protective rip-rap.
Additional restoration efforts in 1980 and 1981 placed fill along the northern 2450m of the
project, temporarily reversing the shoreline retreat. On five separate occasions additional sand
was placed on the beach in an attempt to mitigate the erosion and provide storm protection. The
U.S. Army Corps of Engineers estimate that the convex shape of the shoreline accelerates the
annual erosion (Jarrett, 1977; USACE, 1982). Overwash and structural damage associated with
Hurricane Fran was concentrated in this area where the structures are positioned seaward of the
natural building line (Plates 7, 8 and 9). Without question the pre-storm condition of the beach
along this reach dictated the impact of the storm and the subsequent shoreline recovery.

a. Wrightsville Beach Shoreface Characteristics.

Dr. E. Robert Theller of the U.S. Geologica Survey, Woods Hole (USGS'WH) and
others have collected extensive geologic and geophysical data off Wrightsville Beach over the
last decade. Over 300km of 3.5kHz subbottom profiles and 100kHz analog and digital sidescan
sonar data have been obtained during these studies. The geophysical data covers a broad area of
the shoreface. A suite of vibracores, surface sediment samples and diver observations was
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obtained between 1991-1992. In March 1994, a geo-referenced, high-resolution digital sidescan
sonar mosaic of the shoreface was produced. Another digital Sidescan sonar survey was
conducted in early August 1995, followed by the collection of additional vibracores and samples.
A portion of the shoreface was resurveyed following Hurricane Fran in September 1996.

The sidescan sonar surveys indicate that the morphology of the Wrightsville Beach
shoreface is dominated by shore-normal and shore-oblique rippled scour depressions (Cacchione
et al., 1984). These 40-100m wide features develop just seaward of the surf zone at 3-4 m water
depths, and extend to 10m water depths. The rippled scour depressions are defined by areas of
high acoustic reflectivity on the sidescan sonar mosaic and are floored with very coarse shell
hash and quartz gravel (Figure E-15). On the upper shoreface the depressions are scoured up to
1m below the surrounding seafloor that is covered by fine quartz sand (Figure E-16). The
depressions terminate and the shore-normal morphologic trend becomes shore-oblique at the
base of the shoreface, presumably due to a series of east to northeast trending, low relief relict
ridges (Thieler 1997; Thieler et a, 1998).

The more numerous depressions along the southern part of the Wrightsville Beach
shoreface may be the result of increased bedrock control, as evidenced by larger areas of

hardbottoms on the shoreface. On the 1992 sidescan sonar mosaic, small areas (20-50 rr%) of
outcropping rock appear to be exposed above the fine sand between some of the depressions.
Onshore data indicate that Tertiary limestone units occur in the near subsurface in the same area
where rippled scour depressions are abundant offshore (Figure E-17). In addition, the gross
morphology of the shoreface and inner shelf did not change over a 21-month period between the
1992 and 1994 sidescan sonar surveys. Surficial sediment distribution in the 1994 and 1995
surveys is nearly identical to a sedimentary facies map presented by Thieler et a, (1995) based
on analog sidescan sonar data and surface samples collected in June 1992. These observations
suggest that the locations of some rippled scour depressions may be controlled by bedrock
related antecedent topography.

Preliminary data from the post-Hurricane Fran sidescan sonar survey indicate there was
little noticeable change to the overall configuration of the large-scale depressions. This suggests
that these features are relatively permanent. The data also suggests that the sediment cover both
within the depressions and across the intra-depression regions was remobilized. Thieler et al,
(1998), hypothesized that the rippled scour depressions act as conduits for cross-shore sediment
transport. Furthermore, the variations in the shoreface topography coupled, with the complex
barrier planform related to the Masonboro Inlet Jetty and Moore's Inlet closure, may enhance
downwelling currents and sediment transport.

(2). Shoreface Sediment Characteristics.

The shoreface sediment cover off Wrightsville Beach is a patchy veneer blanketing low-
relief, Tertiary units (Figures E-17 and E-18). The modern sediment, including the sediments
from the replenished beach, averages about 30cm in thickness. The primary underlying units are
a Plio-Pleistocene arenaceous limestone, an unconsolidated Oligocene silt, and Quaternary
fluvia channels (Snyder, 1994; Thieler et al, 1995 and Thieler, 1997).
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Petrographic analyses of surface sediment samples indicate severa distinct, local sources.
The sources include the underlying rock units and small channels, in addition to the modern
beach. For example, there are a number of locations in the area where limestone outcrops are
present (Figures E15 and E17). Bioerosion of the outcrops produces residual sediment ranging
in size from gravels to lime mud. This residua fraction is mixed with outcrop-associated,
relatively fresh invertebrate fragments.

The similar mineralogy of the ancient unit and immediately adjacent modern sediments
indicates the Oligocene unit is contributing glauconite-rich silt and very fine sand to the
shoreface. Lagoonal sequences deposited during the Holocene have infilled relict inlet and tidal
creek channels incised into the Tertiary units. Three radiocarbon dates for in situ oysters from
these channels provide an age assignment of 8-10 ky. These deposits, some of which are visible
on the sidescan sonar mosaics, are eroded and reworked during storms, providing a minor source
of material for the overlying sediment cover.

Some of the sediment from the earlier beach replenishment projects can be found on the
shoreface (Pearson and Riggs, 1981; Cleary et. a 1991; Thidler et. a, 1995). The fill is
identifiable on the basis of its gray color, black-stained shell material, and high oyster shell

content.

3. CAROLINA BEACH TO KURE BEACH.

Carolina Beach Extension marks the end of the barrier island physiography (Figure E-
18). Carolina Beach Inlet impounds considerable quantities of sand moved alongshore. As a
result, an offset has formed south of the inlet where overwash is a common occurrence (Plate E-
10). Dunes along this section have little time to redevelop between washover events. This
portion of the spit extending off the headland at Carolina Beach was the site of extensive
washover topography during Hurricanes Bertha and Fran. Major overwash also occurred along
much of the shoreline segment along and adjacent to the rip-rap Plates E-10 and E-11).
Overwash penetration along the remainder of the replenished shoreline to the south was minimal
(Plates E-10 and E-11).

The marsn-filled estuary found north of Carolina Beach does not exist behind the
Carolina/lKure Beach section of the shoreline (Figure E-18 and Plate E-10). Elevations directly
landward of the foreshore are 6 to 8m. In this area, an extensive eroding subaerial headland
intersects the coast (Plates E-10 and E-12). This shoreline segment consists of a wave-cut
platform incised into Oligocene through Pleistocene units of the headland with a thin beach
perched on top (DuBar et a., 1974; Moorefield, 1978; Meisburger, 1979; Cleary and Hoiser,
1979; Snyder et al., 1994, Riggset a., 1995; Cleary et a., 1996).

Erosion resistant, cross-bedded coquina limestone and interbedded sandstone forms a
protuberance in the shoreline north of Fort Fisher (Plate E-10). A friable, humate and iron-
cemented Pleistocene sandstone forms the surface that underlies the modern beach along much
of the Carolina Beach to Kure Beach area (Plate E1-3). Large, in-place stump forests were
exposed along much of this reach after mgor storms, including after Hurricane Fran. These
extensive outcroppings of the relict stump forest testified to the thin nature of the modern,
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perched sand prism (Plate E-13). Although some structural damage and overtopping occurred
along the topographically higher backshore areas of Kure Beach, the higher elevations of the
area immediately landward of the oceanfront were instrumental in preventing major damage
(Plate E-13).

The underlying coquina and its associated lithologies form a widespread hardbottom
mosaic that extends across much of this area (Cleary et a., 1996; Marcy and Cleary, 1997 and
Marcy, 1997). The extensive series of low relief cogquina outcrops on the shoreface may act as
barriers that could significantly affect the refraction of wave energy, as well as the movement of
sand across this shoreface (Riggs et a., 1995; Cleary et a., 1996; Marcy and Cleary, 1997).
Sand from both the rapidly eroding beach at the headland and the littoral drift, are likely
transported seaward of the outcrops during storms and prevented from returning to the beach
during subsequent low energy periods. The result of this process is a net sediment deficit.

The shoreline segment that encompasses Carolina Beach and Kure Beach has had a
colorful history of stabilization attempts. Erosion of the headland beach as well as the spit
extending north of Carolina Beach has been persistent. Borrow sites have been targeted on the
shoreface off both Carolina Beach and Kure Beach to mitigate the chronic erosion and to provide
storm protection for the area.  Kure Beach was recently replenished with fill derived from a
borrow site several miles offshore (Plates E-13 and E-14). The borrow site is located in the
anastomosed channel complex of the ancestral Cape Fear River (USACE, 1993). The
Pleistocene channels are estimated to contain a sufficient volume to satisfy the local needs for
the next decade and several replenishment cycles.

a Carolina and Kure Beach Shoreface Characteristics.

The Kure Beach/Carolina Beach subaerial headland shoreface is complex due to severa
interrelated variables that contribute to the overall nature of this dynamic system. These
variables include bathymetry that is dominated by shore-attached sediment ridges and
hardbottom areas of varying lithology and relief. The complex bathymetry presumably plays a
role in the modification of waves and may impact longshore currents. Cross-shore sediment
transport both during and after storm events is also likely to be impacted by these features as
well as the abundant hardbottoms.

The shoreface off this area is unlike the traditional smooth concave-upward surfaces.
Instead, the presence of shore-attached sand ridges and hardbottom areas result in a very
irregular bathymetric signature (Figures E-18, E-19, E-20 and E-21). The ridges are attached at
a variety of angles and local relief may be as much as 1.2-18m. Bathymetric maps and shore-
normal fathometer profiles show the largest of the sand ridges lie offshore of the southern
portion of the area. In addition to these features, an extensive area of coquina hardbottom occurs
seaward of the ridges and extends across the upper shoreface off the extreme southern portion of
Kure Beach.
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(2). Stratigraphy of the Shoreface.

Snyder et a (1994), Marcy (1997) and Marcy and Cleary (1997), mapped the Kure
Beach/Carolina Beach shoreface using high-resolution seismic surveys and showed the region to
be dominated by Oligocene and Pliocene outcrops (Figures E-22 and E-23). Rock units off this
area strike NE and dip gently to the SE (Riggs et a, 1985; Riggs et al, 1990; and Snyder et d,
1994). Overlying these sequences are remnant Quaternary units that combine to form the
antecedent topography upon which Kure Beach and the adjacent barrier and headland portions of
Carolina Beach are perched (Snyder et a, 1994; Riggs et a, 1995; Cleary et al, 1996).

Snyder and others (1994) and Marcy and Cleary (1997) identified three Quaternary
lithosomes that dominate the shoreface. These units represent a variety of coastal lithosome
types including Pleistocene calcarenites that form high-relief hardbottoms south of Kure Beach,
fluvia sands and gravels that represent paleo-fluvial channel positions, and inner shelf
palimpsest and residual sands and gravels (Figures E-22 and E-23).

Tertiary units identified include the early Oligocene River Bend Formation that underlies
the shoreface and crops out across the much of the area. It consists of gently sloping clinoform
reflectors that prograde SE, or downdip. Diver observations indicate outcrops of this
sequenceare commonly low relief, NE striking ridges that are probably bedding planes. These
ridges may influence cross-shore transport on a variety of scales. A second Tertiary unit mapped
isthe Plio-Pleistocene Sequence (PPy¢) that is equivaent to the onshore units of the Duplin, Bear
Bluff, and Waccamaw Formations (Zarra, 1991; DuBar et al., 1974; and Snyder et al., 1994).
These units are resticted to NW-SE trending large valley complexes entrenched into the
Oligocene River Bend sequence (Figures E22 and E23). The units form low relief hardbottoms
(Marcy, 1997).

Small Quaternary channels are incised into the Plio-Pleistocene as well as the Oligocene
River Bend Formation. Some of these channels reoccupy the position of the older Plio-
Pleistocene valleys and some are filled with clean fluvia quartz sand, capped by peat. Other
channels contain mud.

Diver groundtruthing indicates that locally high-relief regions imaged on seismic profiles
were attributable to a well- indurated coquina. This occasionally well lithified unit forms locally
high relief features south of Kure Beach. The most prominent of these hardbottoms is locally
known as Sheephead Rock (Figure E4). Dockal (1996) correlated the coquina with the Neuse
Formation found at Snow’s Cut, about three kilometers inland. Offshore of Kure Beach the
northern extension of the coquina outcrops are scattered and are generaly low-relief. Modern
gravelly sands on the shoreface form a mobile cover across the southern portion of the area

The large shore-attached ridges are relict in nature, and appear to consist of a series of cut
and fill features that overlie the larger incised channels and the Oligocene sequence. A number
of bathymeterically high, shore-attached ridges occur off both Carolina Beach and Kure Beach.
The upper portion of the ridges are composed of alternating units of graded coarse to fine quartz
sands and shell gravels. Vibracore data substantiate the seismic data and suggest that some of
the ridges are underlain by the Oligocene sequence. In other parts of the shoreface off Carolina
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Beach, the ridges are underlain by calcarenite. The relationship of the nature of the underlying
units to the occurrence of the ridges is yet to be determined.

The NE-SW orientation of some of the ridges corresponds to the strike of the outcrop
patterns of the River Bend sequence. The ridges may be erosiona features that mimic the
depositional strike of the underlying units. All the mgor shore-attached ridges on the NE flank
of the Cape Fear foreland have the same orientation (Figure E-18). Wave induced and cross-
shore currents may aso play arole in shaping these features, but to what extent is unknown. Itis
likely the ridges have complex origins.

(2). Hardbottom Morphology and Distribution.

Two categories of hardbottoms were recognized on the basis of morphology; those of
high relief (>0.5 m) and low relief (<0.5 m). The spatia distribution of these types is shown in
Figure E-24, which is a facies map derived from the interpretation of a sidescan sonar mosaic.
Scarps and hardbottom areas covered by mobile sands are also indicated. These sediments are
subdivided into coarse and fine sands, and include sand sheets, aprons, and ramps (Marcy, 1997).

There is only one region in the immediate area with relief over 1.0m that may have an
impact on the headland area. The area is known as Sheephead Rock, with local relief of more
than 3m, located severa kilometers south of the southern limit of the Town of Kure Beach
(Figure E18). Sheephead Rock significantly affects waves as they approach the shoreline.
During periods of moderate swell activity, waves have been observed breaking on this feature.
Diver observations indicate that surge occurs on the top of Sheephead Rock even in relatively
calm conditions, compared to other areas nearby. The influence of this feature on the adjacent
shoreline erosion rates has been documented in a recent study (USACE, 1997). Several post
construction shoreline monitoring surveys of the shoreline reach south of the Forth Fisher
seawall show that the segment of shoreline in the lee of the feature has lower annual erosion
rates than adjacent reaches, al of which are downdrift of the seawall.

Sidescan sonar data and fathometer traces across the Sheephead Rock area indicate that
this high areais an irregular surface dominated by a series of rock ridges, some of which are 3m
in height. In between the ridges are irregular shaped depressions that are often filled with
sediment. The calcarenite sequence that forms this feature extends north to Kure Beach and
beyond. A sidescan sonar mosaic shows a similar series of ridges and depressions off southern
Kure Beach that are capable of trapping or at least influencing cross-shore sediment transport. It
is difficult to determine if this large-scale karstic mosaic had any direct influence on the storm's
impact along the headland segment of Kure Beach.

At Fort Fisher the coquina forms a small wave-cut platform which extends beneath Kure
and Carolina Beaches as well as adjacent Masonboro Island to the north (Plate E-10). The unit
continues offshore and underlies some of the shore-attached ridges. Most often it is highly
weathered and forms relatively low relief hardbottoms over much of the shoreface (Figures E-
20-E-23). Moorefield (1978) and Riggs et al, (1995) indicated that the irregular topography
associated with this unit is instrumental in trapping littoral materials and redirecting sediment
across the shoreface off Fort Fisher and Kure Beach.
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Hardbottoms of less than 0.5m of relief are areally extensive. The flat, low relief
undulating hardbottoms are locally important as a sediment contributor, but their role in
influencing cross-shore sediment transport is conjectural. These low relief areas are more
difficult to observe and map because they are periodically covered by migrating sand shests.

Two dominant rock types form low relief hardbottoms, the Plio-Pleistocene moldic
limestone and the Oligocene dolosilt. Compared to the high-relief hardbottoms south of Kure
Beach, these rocks are much older and less resistant to erosion. The moldic limestone is
composed mainly of shell rich grains in a homogenous microcrystalline calcite matrix. The
dolosilt has a homogenous composition consisting of fine angular quartz grains and a dolomitic
cement. Both of these units produce flat hardbottoms that are intermittently covered by modern
sediment.In the vicinity of Kure Beach, there appears to be linear hardbottom ridges and scarps
striking NE (Figure E-24). Core data, diver observations, and seismic profiles indicate that these
ridges are composed of the Oligocene dolosilt. These ridges are less than 0.5m high but may
influence sand transport on the upper shoreface.

(3). Surface Sediment.

On retreating coasts, such as Carolina and Kure Beaches, the shoreface is a major source
of new sediment, via mechanically and biologically related erosion. Biological erosion occurs as
the result of a combination of factors that serve to degrade the rock. Mechanica erosion occurs
in response to coastal and shoreface processes often triggered by storm events. The modern sand
veneer is patchy and easily mobilized during storms, exposing strata on the shoreface to erosion
(Niedoroda et al., 1985; Cleary et al., 1992; 1996). Hardbottoms provide an immediate source of
"new" sediment, made ready by burrowing and boring organisms.

The acoustic backscatter signature of the sidescan sonar data (Figure E-24) suggests there
are two prevalent types of surface sediment. Diver mapping exercises and core data indicate fine
to medium sand and medium to coarse sand and gravel are generally the two most common
surface sediment types. The magjority of the coarse sands and gravels are situated close to
hardbottom areas. Other areas of coarse sediments are associated with incised paleo-fluvial
channels (Figures E-22 and E-23).

It is significant to note that in the areas of hardbottoms, the carbonate and gravel
percentages are both high. This relationship occurs across the shoreface and indicates that a
majority of the gravels on the shoreface are carbonate material derived from erosion of
hardbottoms. The magjority of surface sediments are sand to gravely sand. The sediments in
close proximity to coquina outcrops contain a higher percentage of gravel than sediments near
other hardbottom lithologies (Marcy and Cleary, 1997). This is probably related to the resistant
nature of both the carbonate and clastic components in the coquina. In general, the coquina
derived sediments were poorly sorted, while sediments fronting the Oligocene dolosilt and Plio-
Pleistocene limestone scarps were moderately to well sorted.

Insoluble residue analyses of the Pleistocene coquina that forms Sheephead Rock indicate
it is composed of 58% insoluble material, consisting mainly of coarse sand and quartz pebbles
and gravels. In contrast, the Plio-Pleistocene moldic limestone consists principally of small
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amounts of very fine quartz silt (9.2%) and clay. Oligocene dolosilt samples contain 31%
angular quartz silt and fine sand-sized particles. These data indicate that hardbottoms may
potentialy contribute significant amounts of materia to the shoreface. Although the coquinais
much less areally extensive than the Oligocene dolosilt, it probably plays a greater role as a
source for "new" sand sized particles and larger carbonate grains. The great mgjority of the
coarse carbonate fraction found on the adjacent beaches is derived from this unit. All of the
beaches and washover fans from southern Masonboro Island to New Inlet are littered with large
coquina clasts after every major storm event.

Also exposed are several paeo-fluvia channels (Figures E-22 and E-23). These channels
are infilled with clean, angular, muscovite-rich, quartz sand and gravel with a Piedmont
signature. Reworking of these channels must have contributed a significant amount of sand and
gravel to the system. Evidence of reworking is confirmed by diver observation and surface
sediment samples (Marcy, 1997).

D. INFLUENCE OF THE GEOLOGIC FRAMEWORK
1. OVERVIEW.

The coastwise variability in storm response and the subsequent beach recovery was
influenced by a variety of site specific factors including the geologic framework. Some
segments of the beaches that comprise the six study sites are thin modern sand units perched on
top of older sediments and strata of varying age and lithology. The thickness of the modern
beach prism varies among the study sites and is thinnest along the headland segments (North
Topsail Beach and Carolina/Kure Beaches).

The pre-storm condition of the sites to a large extent controlled the storm's impact
(foreshore retreat, overwash, and structural damage) and recovery. The recent erosion history
and consequent shoreline morphology of each of the sites was a byproduct of the interplay of a
variety of site specific variables. These variables include the long and short-term erosion trends
and the replenishment history of the various segments. Offshore variables include the shoreface
geometry, availability of sediment, as well as hardbottom morphology which impacts wave
setup, refraction and cross and longshore currents. The interplay between the hardbottom
character and storm generated waves and bottom flows probably controlled the magnitude of
cross-shore transport and ultimately the shoreline recovery trends. The aforementioned site-
specific variables coupled with the meteorological characteristics of Hurricanes Bertha and Fran
determined the observed patterns.

When dedling with the time-scale involving individua storm events, such as the
hurricanes of 1996, it is clear that the importance of the geologic heritage varied greatly along
the impact area. In most cases the underlying geologic framework exerted a negligible influence
on the storm's impact. Table E-1 lists the various attributes and characteristics of the study
areas. The interplay amongst the factors identified is discussed in the following sections dealing
with regional aspects as well aslocal conditions.
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Table E1: Shoreface Characteristics

Characteristic Kure Caralina Wrightsville Topsail Surf North
of the Study Beach Beach Beach Beach City Topsail
Site Beach
Hardbottoms Moderate Moderate Moderate Moderate Moderate Extensive
Ageand Pleistocene- | Pleistocene- Pliocene- Oligocene Oligocene Oligocene
Lithologh Oligocene Oligocene Oligocene (Limestone) (Limestone) (Limestone)
(Coquina- (Coquina- (Limestone
siltstone limestone siltstone)
limestone siltstone)
Morphology Flat to low Flat to low Flat to low Flat to low Flat to low Flat to
Relief relief relief relief relief, less relief, less moderate (up
than 1.0cm than 0.5cm to 2.0m)
Shore Attached | Extensive Extensive Minor Absent Absent Absent
Ridges
Other Features | Shore- Shore- Ripple-scour Minor ripple | ??7??? Shore normal
Oblique rock | Oblique rock | depressions scour linear
scarps scarps depressions channel-like
features,
multiple
landward
facing scarps
Paleo Channels | Major Major Minor Minor Few Few
Sediment Moderate Moderate Moderate Moderate Thin Absent
Cover
Pre-storm Scarped Artificia Beach fill Scarped Low dunes, Low to non-
Beach dune beach except beach, often scarped | existent dunes
Condition topographic | along artificial along N. 2/3
high beach northern dune, scarped | of town
segment along S.
portion
Underlying Humate SS Humate SS Sand Sand, Sand Variable
Geologic Units | Coquina Lagoon peat/lagoons sand, dense
Beneath material along clay peat
Shoreline/Surf northern
Zone segment
(Geol. History) | Subaerial Subaerial Inlet fill Inlet fill / Inlet fill Perched
Upper headline headline transgressive barrier
Shoreface barrier submarine
headland
transgressive
Renourishment | None Frequent Frequent Minimal None None
History
Overwash Minimal Minimal to Minimal to Extensiveto | Extensiveto Extensive
moderate extensive minimal minimal
along N. (Moore'sinlet | aong N. aong S.
segment zZone) segment segment
Structure Moderate Moderate Minimal Severe Severe Severe
Damage along (except near oceanfront oceanfront oceanfront
northern end Old Inlet) Moderate
2nd row
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E. SUMMARY OF SITE SPECIFIC CONTROLLING FACTORS

1. NORTH TOPSAIL BEACH.

North Topsail Beach comprises the northern 18.7km of Topsail Island. Much of this
barrier segment is influenced by the New River submarine headland and as a result the modern
barrier sand prism is relatively thin (< 2.0m). The barrier is perched on top of a variety of older
materials including pest, lagoonal mud and compact Pleistocene mud. The extensive outcrops of
peat and cedar stumps along much of the central portion of this shoreline segment testifies to the
very low volume of material comprising the barrier platform.

Cores, aerial photographic data and vegetation patterns indicate the magority of this
shoreline reach has been a chronic washover zone for the past several centuries. The high
susceptibility to repeated overtopping suggests the vulnerability of this areais related to a lack of
significant recovery between events. The 1996 pre-storm condition of the beach played a direct
role in the severity of the damage and the extensive erosion recorded along North Topsail Beach.
The pre-storm condition was related to the scarcity of sand in the hardbottom dominated
nearshore system.

The factors that were instrumental in the long and short-term erosion and morphologic
development of much of the northern section of Topsail Island can be related to the geologic
nature of the shoreface. The morphologic expression of the submarine headland in the form of
extensive moderate relief hardbottoms probably played a significant role in both the storm's
impact and the shoreline recovery over the short and long-term. The regiona limestone
platform-like feature along with the localized bathymetric highs (scarps) must have influenced
the incident waves and storm-generated currents along and across the shoreface. Over the recent
geologic past these features have played a significant role in the morphology of Late Holocene as
well as modern barriersin this area of Onslow Bay.

The geometry and composition of the hardbottoms has also affected the recovery of the
shoreline, not only after the storms of 1996, but previous events as well. The irregular karstic
surface that comprises the shoreface is composed of a series of irregularly spaced, landward
facing scarps and intervening plateaus or depressions. The northern portion of the shoreface
north of Alligator Bay has more numerous and higher relief scarps. This segment of the
shoreface has little to no sediment cover and lies adjacent to the shoreline reach that experienced
the greatest damage and the most severe erosion and overwash. The bathymetry of the central
and northern portion of the shoreface off North Topsail Beach shows several shore normal
topographic lows that extend across much of the shoreface. These linear channel-like features
are constrained by topographicaly high hardbottoms and may represent solution features that
have been modified by fluvia processes during low stands of sea level. Regardless of origin,
they appear to act as conduits for cross-shore transport of material to the inner-shelf. The graded
storm sequence recovered from beneath these conduits is covered by a mosaic of migrating
ripple fields. The loss of sediment via these channel-like areas and the trapping ability of the
numerous irregularly spaced scarps precludes shoreline recovery along this area.
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The durability and quartz-poor nature of the limestone units that form the extensive
outcrops does not lend itself to the production of large volumes of new sand-sized sediment by
shoreface processes. The orientation of the shoreline and the frequent storms that impact this
sediment-starved shelf sector have combined to produce a barrier segment that is poised to
migrate rapidly. The rollover is directly related to the storm history and the geologic nature of
this morphologically unique shoreface.

2. SURFCITY.

Surf City, occupying the central portion of Topsail Island, was one of the most severely
impacted shoreline reaches within the impact area.  The low-lying barrier in this area fronts an
extensive 200 year-old vegetated flood tidal delta. The pre-storm beach was characterized by
low relief, scarped and often discontinuous, foredunes. The sand prism that comprises this
section of the barrier is relatively thick (8-10m). The lower portion of the barrier platform along
much of this area overlies a sequence of inlet fill associated with Stumpy Inlet and pre-historic
inlets. Lagoonal muds and peat underlie the northern and southern extremities of Surf City.

It is interesting to note that the worst damage and overwash occurred along the shoreline
stretch that fronted the most recent position of the wide and ephemeral Stumpy Inlet. The 4.5km
long barrier shoreline segment south of the old inlet, as well as portions of the shoreline north of
Surf City, were the site of the only minor overtopping, although dune erosion did occur. These
aforementioned areas, where overwash was confined to topographically higher oceanfront areas,
may represent the former inlet's shoulders where larger, wider and older dune fields are present.
One can speculate that the closure of the old inlet led to planform (island curvature) changes.
Following the closure of the former breach this area did not develop a significant dune field due
to alack of a suitable sediment source.

The erosion history over the past decade has resulted in a narrowing of the foredune
along the former inlet zone. Furthermore, development in the area has lead to the remova and
alteration of the character of the low relief backbarrier dune field, which has increased the hazard
potential.

It is unlikely that the geology of the shoreface had a significant effect on the storm's
impact in this area. The offshore area beyond depths of 8-9m is characterized by extensive low
relief hardbottoms mantled by a patchy veneer of fine sand of variable thickness. The Oligocene
limestone that is exposed across the shoreface is extremely indurated and is not a major
contributor of new sediment to the overlying modern sediment cover in the long-term. However,
some contributions from the hardbottoms were evident along the post-storm beach that was
littered with extensive coarse sand and limestone clasts derived from the immediate offshore
area

No detailed morphologic information about the shoreface morphology exists for this area.
Fathometer profiles indicate that the shoreface off Surf City, seaward of 8-9m water depth, is
marked by occasional low relief landward facing scarps and flat hardbottoms. The exact role the
geologic framework played in the storm's impact on this shoreline segment and the subsequent
beach recovery is difficult to determine.
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3. TOPSAIL BEACH.

Topsail Beach comprises the southernmost 7.2km of Topsail Island. The southern 11km
segment of Topsail Idand is a variable relief spit that has extended to the south during the
migration of New Topsail Inlet over the past 300 years. The barrier platform’s sand prism is
relatively thick consisting of an 8-11m sequence comprised of inlet fill, beach, washover and
dune sediments. The southern 2km section of this shoreline reach has been a chronic erosion
zone and the site of extensive overtopping during recent storms. The erosion stems from the
realignment of the shoreline (Topsail Beach) as the inlet migrated to the southwest. The
attendant planform changes have led to dramatic changes over the past 20 years.

As a result of the inlet's influence on the updrift barrier planform, small-scale
replenishment projects that have been undertaken have had little chance of success in mitigating
the erosion. Although a small artificial dune and berm was in-place during the summer of 1996,
it did little in the way of mitigating storm-related erosion and extensive overwash. The
morphologic changes and structural damages that did occur are related more to the pre-storm
condition of the barrier than to the geologic controls.

The shoreface off Topsaill Beach is similar to the area off Surf City. Much of the
nearshore area, out to depths of 10-14m, consists of Oligocene limestone and siltstone
hardbottoms with a thin (<1.0m) veneer of st and fine sand. The shoreface morphology is
generally flat with occasional 1.0m scarps. It is unlikely that this type of shoreface geometry
played a significant role in the storm's impact on the adjacent beach.

4. WRIGHTSVILLE BEACH.

Wrightsville Beach is a 7.3km long barrier island composed of two former barrier
segments. Data show the entire barrier is underlain by inlet fill deposited during the past several
hundred years. As a result, the barrier platform is relatively thick in comparison to the modern
beach on the headland influenced shoreline segments. In this area modern sand sequences are up
to 10m thick. Beneath the basa inlet sequence are early Holocene lagoona muds, compact
Pleistocene muds and older limestone units.

The mgority of the significant overwash and the limited structural damage occurred
within the chronic erosion zone that developed along the mid barrier shoreline bulge. Other
sections of Wrightsville Beach, located south of Mercer's Pier and the shoreline bulge, were
impacted only dightly. Much of the remaining portions of Wrightsville Beach south of old
Moore's Inlet has been frequently renourished. As aresult, much of the barrier was characterized
by a relatively wide artificial beach/dune system during the summer of 1996. Overwash and
erosion was limited along almost the entire southern section of the beach. Similarly, along the
shoreline reach north of old Moore's Inlet, dune erosion occurred but for the most part overwash
was restricted to the breaks within the foredune and within the dune swales. Little structural
damage occurred along the northern part of Wrightsville Beach (Shell Island).
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The numerous shore-normal rippled scour depressions that are characteristic of the
shoreface off Wrightsville Beach and the scattered hardbottom areas in al likelihood did not play
a significant role in determining the impact of the 1996 hurricanes on the Wrightsville Beach
shoreline. However, the coastwise shape of the shoreline coupled with cross-shore morphology
may have been responsible for the seaward transport and loss of an unknown volume of beach
material during the storms. The cumulative effect of this asymmetric cross-shore flux lead to a
historical sediment deficit that trandlated into net shoreline retreat. The large volume of beachfill
frequently placed along the shoreline during the past four decades helped to offset the above-
mentioned |0ss.

Historic aerial photographs of Wrightsville Beach dating from the late 1920's and early
1930's clearly show numerous groins and bulkheads indicating that erosion was rampant aong
the entire barrier. The island was exceptionally narrow with a poorly developed foredune. It is
surprising that Hurricane Hazel (1954) did not cause more damage when one considers the poor
condition of Wrightsville Beach in the early 1950's. Aerial photographs suggest that North
Topsail Beach had a healthier beach/dune system in the early 1980's than Wrightsville Beach did
before the landfall of Hurricane Hazel in October 1954. Without the extensive restoration that
has occurred since the mid 1960's, the impact of Hurricane Fran on Wrightsville Beach would
have been extreme, and likely worse, than the damage recorded along Surf City and North
Topsail Beach.

5. CAROLINA AND KURE BEACHES.

Carolina Beach is comprised of two distinct morphologic components. A barrier spit
forms the northern 4.9km of shoreline. Approximately 2.7km of the southern portion of the
barrier is developed. The northern 1.1km of the developed section is fronted by rip-rap. The
remainder of the spit that extends to Carolina Beach Inlet is undeveloped and is highly
susceptible to overwash.  The subaerial headland portion of Carolina Beach extends
approximately 1.5km in a southerly direction to the northern limits of the Town of Kure Beach.
The modern sand prism along this portion of the barrier ranges from 4.0 to 7.0m in thickness.
The basal portion of the thicker sequences is comprised of isolated pockets of inlet fill. The
thinner sequences are located along the undeveloped spit section where lagoonal mud and peat
outcrops are found along the foreshore area north of the rip-rap.

The Town of Kure Beach, aong with the Fort Fisher enclave, is located along the
remainder of the subaerial headland. These headland beaches are comprised of very thin units
(<2-3m) of modern sand resting on Pleistocene units of calcarenite or friable humate sandstones.
Post-storm photographs clearly show the perched nature of this headland reach. While the
modern beach is indeed very thin the higher elevations associated with the old headland
topography probably helped reduce the impacts of the elevated water levels and associated
overwash.

The majority of overwash and severe structural damage that occurred aong Carolina
Beach was restricted to the northern portion of the developed section in the vicinity of the rip-
rap. This chronic erosion zone has historically been subject to frequent overtopping during
storms since the emplacement of the rip-rap in the late 1960's and early 1970's. Erosion of the
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artificial dune and berm did occur along the remainder of the Carolina Beach oceanfront to the
south but overwash and structural damage was very minimal. Overwash was restricted to the
dune walk-overs and aong the low, flood-prone section near Carolina Lake, a turn of the century
inlet zone.

Moderate storm damage and overwash occurred along the topographically higher Kure
Beach oceanfront. Shoreline recession damage to the oceanfront homes was related to the lack
of awide beach and dune system. Because the backshore area is topographically high overwash
and structural damage was restricted to the oceanfront.

The complex bathymetry of the shoreface off this headland influenced shoreline segment
stems from the development of the large relict NE trending shore attached ridges on top of the
hardbottoms of varying lithology and relief. Although hardbottoms are widely distributed across
this headland shoreface, scarps appear to be more numerous and of higher relief aong the
southern portion of the headland off the Kure Beach upper shoreface. The higher relief and more
frequent scarps in the southern portion of the area probably played a minor role in the initial
impact of the storm. The degree of recovery that might have taken place was masked by the
artificial manipulation of the beach profile. The amount of recovery that would have occurred in
this reach is open to question. It is likely that forebeach buildup would have taken place but it
would have been limited due to the complex offshore bathymetry.

Along Carolina Beach natural recovery was probably limited to forebeach accretion
involving material returned to the beach from the offshore area down to depths of approximately
8m. The pre-storm condition of this entire shoreline reach coupled with the convoluted nature of
the upper shoreface and the morphology of the hardbottoms, must have impacted the surge
elevations and dictated transport pathways across the uplands and shoreface.

Much of the sediment cover in this area is derived from the degradation of the coquina
hardbottoms and the reworking of the paleo-channels that are incised into the bedrock. Although
this shoreface generally has more sediment cover than North Topsail Beach or Surf City, long-
term natural recovery of the shoreline is highly unlikely given its erosion history and the
complex nature of the shoreface.

F. THE GEOLOGIC FRAMEWORK AND THE SHOREFACE PROFILE

The shoreface is the link that couples the shoreline and the inner continental shelf. This
complex environment can act as a source, barrier or avenue for bi-directional transport of
materials between the beach and the deeper offshore areas. The geologic and oceanographic
processes operating across this environment play a variable role in determining how a shoreline
reach will respond to individual storms and the collective impact of storms over the long term.

The shoreface has traditionally been thought to be sand rich and achieve an equilibrium
shape related to wave climate and surficial sediment grain size Bruun, 1954; Dean, 1977 and
Zeidler, 1982). An equilibrium profile equation was first proposed by Bruun (1954 and 1962).
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Bruun (1962) used this equation to develop a ssmplistic model for coastal evolution, in which a
constant profile shape trandates landward and upward in response to sea-level rise. Dean (1977
and 1987) later focused on the importance of grain size in describing shoreface response and
evolution. The concept of an equilibrium profile relies on several important assumptions about
the nature of the shoreface and processes that are not consistent with most shoreface systems
(Pilkey et a., 1993 and Thieler et al., 1995). The concept has been accepted as valid and is a
fundamental principle behind most analytical and numerical models of shoreline change used to
predict shoreface/shoreline behavior (e.g., Hansen and Lilycrop, 1988, Hanson and Kraus, 1989
[the GENESIS model], Larson and Kraus, 1989).

The complex geology of the six sites, particularly the headland shorefaces, does not lend
itedf to the application of equilibrium profile-based models. In addition to the fact that most
shorefaces are dominated by patchy hardbottoms of varying relief, there is a lack of a consistent
grain size across the profile and therefore grain size variations are too complex to be described
by smple equations and parameters. It is not uncommon for the grain size to vary from silt to
boulders within a distance of several meters in the vicinity of hardbottoms.

In southeastern North Carolina the geologic framework is the predominant control on
shoreface profile shape. On these shorefaces, the stratigraphic framework controls outcrop
patterns, hardbottom distribution, bathymetry, and ultimately sediment characteristics. The
shapes of these bedrock-controlled shorefaces are further complicated off the headland reaches
by the relict ridges and karst topography inherited from previous lower stands of sea level. The
resulting bathymetric signature is not characterized by shore-parallel isobaths, and therefore does
not lend itself easily to numerical modelling.

During individual storm events cross-shore transport of sediment on these hardbottom
dominated shorefaces is more complex than would be envisioned by simple shoreface
equilibrium models. Although the influence of the hardbottoms on cross-shore transport is yet to
be determined, one can speculate that in areas where sediment cover is very thin and hardbottom
relief is relatively high, their impact on the benthic boundary layer structure and bed shear stress
must be substantial.

Off North Topsail Beach, the bottom morphology and bed roughness related to the
irregular spacing and relief of the scarps, coupled with the patchy nature of the corrugated, flat,
alga-encrusted hardbottoms, dictated the ultimate shoreline erosion patterns and the direction
and volume of sediment transport. Along the intra-headland barrier segments of Surf City,
Topsaill Beach and Wrightsville Beach the role of the underlying geologic framework was
minimal. In a relative sense the shoreface geology off the headland segment at Carolina/lKure
Beach, characterized by numerous low relief ledges, flat hardbottoms and large shore-attached
ridges, played a moderate role in dictating the observed erosion and recovery patterns.
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Figure E-1 Location Map
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Figure 1. Location map depicting the four study sites and adjacent environments.

NEW RIVER LOOKOUT

Figure E-2: Generalized Geologic Map

Generalized geologic map of the continental shelf (after Snyder, 1982). Study sites are fronted primarily by
Oligocene units that are often incised by channel complexes of varying age. Headland areas are also shown.
Pleistocene units crop out across much of the shoreface from south of Fort fisher to Masonboro Island.
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Figure E-3: North Topsail Island Beach and Offshore Area
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Map depicts core, sample and fathometer profile locations.

Figure E-4: Sidescan Sonar Mosaic of North Topsail Beach Shoreface Area
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Locations of split-spoon cores along the barrier are indicated by dots and beach profile stations are referenced by

triangles. Seefigure E-5 for interpretation (after Johnson, (1998).
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Figure E-5: Map Depicting I nter pretation of Sidescan Sonar M osaic

1.5
KILOMETERS

Map depicting interpretation of sidescan sonar mosaic (Figure E-4), core locations and beach monitoring stations
(after Johnson, 1998). Light areas delineate accumulations of modern sands and gravels. Medium background
represents low relief limestone hardbottoms. Dark areas are high relief (1-2m) hardbottoms. Low areas Rae
topographic depressions that lie seaward of saddles within the limestone that underlies the barrier.

Figure E-6: Bathymetic Map of North Topsail Beach and New River Inlet

ROCK PLATFORM

10m D

0 15 3

KILOMETERS
Bathymetric map of the area around North Topsail Beach and New River Inlet. Note platform-like feature that
occurs off theinlet and the excursion of the contour lines. This feature influenced the shoreline conditions and
processes throughout the Holocene and Pleistocene.
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Figure E-7: Detailed Geologic Map of North topsail Beach Offshore Area

Figure 7. Detailed geologic map of North Topsail Beach offshore
areaillustrating modern sand accumulations and paleo -fluvial
channels. Hardbottoms dominate the shoreface. Map is based
on seismic and core data from Johnston (1998).
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Detailed geologic map of North Topsail Beach offshore areaillustrating modern sand accumulations and pal eo-
fluvial channels. Hardbottoms dominate the shoreface. Map is based on seismic and core data from Johnson

(1998).
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Figure E-8: Fathometer Profiles off North Topsail Beach
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Figure 8. Representative fathometer profiles off North Topsail Beach, Note the many scarps that play a role in the

cross-shore movement of sediment. See Figure 2 for locations of profiles.
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Figure E-9: Cartoon Depicting Hardbottom Scar ps

Cartoon depicting the relationship of the hardbottom scarps, landward-facing ledges and the modern sediments (after
Johnson, 1998). The schematic represents a typical hardbottom area between the topographic lows that act as
corridors for sediment movement. Designations A-D refer to locations of photographs depicted in Figure E-10.

Figure E-10: Hardbottom Photographs of Hardbottom Areas Depicted in Figure E-9

Bottom photographs of hardbottom areas depicted in Figure E-9. A) Algal encrusted Oligocene limestone typical of
flat surfaces. B) Typical rubble that fronts scarps. Material is derived in part from collapsed overhangs. C)
Carbonate-rich sand often abut toe of rubble and scarps. D) Coarse gravels that underlie the sands depicted in "C".

Sediments appear to move laterally along the scarps.
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Figure E-11: L ocation of Fathometer Profilesand Core/Dives Sites off Topsail 1sland
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Figure 11. Map depicting Topsail Island and location of Surf City and Topsail Beach and
location of fathometerprofiles and core/dive sites off the southern portion of the island.

Map depicting Topsail Island and location of Surf City and topsail Beach and locations of fathometer profiles and

core/dive sites off the southern portion of theisland.
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Figure E-12: Fathometer Profiles off Surf City
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Figure 12. Fathometer profiles off Surf city. See Figure 11 for locations. Lines 6-12 show evidence of multiple
scarps and hardbottoms. Most scarps are Iandwargixfacing and often fronted by sediment aprons.
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Figure E-13: Facies map of Shoreface off Topsail Beach
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Facies map of shoreface off Topsail Beach. Map is based on interpreted sidescan sonar mosaic. Surficial sediment
cover consists of athin (0-1.0m) layer of silty quartzose sand that overlies Oligocene units. Elongated regions of
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coarse material are interpreted to be discontinuous channels (after McQuarry, 1998).




Hurricane Fran Effects on Communities With and Without Shore Protection
A Case Study at Six North Carolina Beaches

Figure E-14: Fathometer Profiles off Topsail Beach
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Faure 14. Fathometer profiles off Topsail Beach. Much of the area is blanketed by a thin layer of silty quartz
sand. Hardbottoms are generally low relief.
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Figure E-15: Facies Map Based of Wrightsville Beach based on I nterpreted Sidescan Sonar

Mosaic, Cores and Driver observations
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Facies map based on interpreted sidescan sonar mosaic, cores and diver observations. Areasimaged as acoustically
reflective on sidescan sonar mosaic are coarse sediments. The upper shoreface is characterized by a zone of rippled

scour depressions (after Thieler et al, 1995)
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Figure E-16: Illustration of Overlapping Shore-parallel Sidescan Sonar | mages

Depth (m) MSL

|
12.75 12.80 12.85

Sw Time Along Ship Track (hr) NE

[llustration showing overlapping shore-parallel sidescan sonar images depicting rippled scour depressions (A-F) that
lie immediately seaward of the surf zone. Coarse sediments are imaged as dark colored regions on the sidescan
swaths and are contained within the topographic lows. Lighter areas are fine sands. Irregular dark patches within
the lighter colored areas represent hardbottoms. Depressions are generally shallow with maximum relief of less than
1.0m. Most of the trough-like areas extend to the base of the shore =face (after Thieler et as, 1995).
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Figure E-17: Geologic Map of Shoreface off Wrightsville Beach
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Geologic map of the shoreface off Wrightsville Beach. An Oligocene siltstone sequence underlies much of thee
area. Pilo-Pleistocene limestones form the valley-fill sequence aong the southern section of the area. Hardbottoms

are generally low relief with scarpsless than 0,50m high (after Snyder et al, 1994; Thieler et al, 1995).

Figure E-18: Bathymetry off Carolina and Kure Beaches
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Map depicts the bathymetry, locations of fathometer profiles, cores and sidescan sonar mosaics.

complexity of the shoreface bathymetry off this headland area.

Note the
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Figure E-19: Fathometer Profiles off of Carolina Beach
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Figure 19, Fathometer profiles off Carolina Beach. Broad bathymetric highs are related to the presence of
shore attached ridges and extensive hardbottoms.
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Figure E-20: Fathometer Profiles off Kure Beach (North)
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Figure E-21: Fathometer Profiles off Kure Beach (South)
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Figure E-22: Near Surface Map of Kure Beach Shor eface
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Near surface geologic map of the middle and lower shoreface off Kure Beach (after Marcy, 1997). Map is based on
a network of high-resolution seismic reflection profiles. The northern most paleo-channel was recently excavated
for excellent quality beachfill material for Kure Beach. Channels are incised into the Tertiary units and are often
overlain by late Pleistocene sequences (coquina).
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Figure E-23: Near Surface Geologic Map of the Shoreface off SE North Carolina
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Geologic map of the shoreface. Oligocene and Plio-Pleistocene units are exposed across much of the shoreface.
Magjor Pleistocene channels deposits are located offshore of the headland segment of Carolina and Kure Beaches
(after Snyder et al, 1994)
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Figure E-24: Facies M ap of Southern Portion of Kure Beach Shor eface
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Facies map of the shoreface based on interpreted sidescan sonar mosaic. Several major categories 0 bottom types
are depicted. Hardbottoms with low relief (less than 0.5m) dominate the shoreface off Kure Beach.
Northeast/southwest trending scarps off the nearshore area of Kure Beach are related to the outcrop pattern of the

Oligocene River Bend Formation (after Marcy, 1997).
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Plate E-1:

Plate 1. Oblique aerial photographs of North Topsail Beach. A.) North view (December 1974) showing
position of old road, scarped dunefield, vegetated washover terraces. Note lack of development. Shoreline
protuberance at north end of island is due to the presence of New River Inlet. B.) North view of northern
portion of North Topsail Beach (November 1995). The road pictured at “A” was relocated in the early 1990’s.
Portions of the old roadbed are visible in some areas (arrow). Note lack of dunes and scarped grasslands
along much of this section of the barrier.
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Plate E-2:

i T -
Plate 2. Post-Hurricane Fran views of North Topsail Beach (September 6, 1996). A.) North view illustrating
extensive washover fans and terrace and breached portions of barrier. Dark areas on beach are outcrops
of peat and stump forest that underlie portions of the old roadbed. Compare to Plate 1B. Townhouses are
referenced in Plate 1B. B.) South view of same area pictured in “A”, overwash penetration extended across
the entire barrier and well into the marsh and lagoon. Note extensive peat deposits on intertidal beach that

testify to the lack of sand in the modern coastal system.
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Plate E-3:

..-n:-': e
i

Plate 3. Oblique aerial photographs of the southern portion of North Topsail Beach after Hurricane Fran
(September 6,1996). A.) South view of extensive washover terraces, note only scattered segments of
grasslands remain. Most topographic lows were infilled with washover materials. B.) North view from
region just south of high rise bridge. Washover terraces extend across entire island in most regions. Note

scattered outcrops of peat.
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Plate E-4:

Plate 4. Landward view of Surf City (12/75) showing vegetated flood tidal delta and the extensive development along the low lying finger
canals. Note the nature of the dune line and dune field.
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Plate E-5:

Plate 5. Post Hurricane Fran views of Surf City (10/12/96). A.) Seaward view of low area fronting old tidal
delta and extensive washover terraces. A number of structures were destroyed along the shoreline segment
in the center of the photograph. B.) Landward view of the same area in “A”, 0.5 to 1.0m of washover
sediment covered the roadbed along much of this section of the town. Note the structural damage along
this section of the beach.
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Plate E-6:

Plate 6. Post Hurricane views of Topsail Beach. A.) Sea Vista Hotel along the southern portion of the area
is surrounded by an extensive washover terrace that extended beyond the third row of homes (9/7/96).

B.) Seaward view of the same area in “A” (10/12/96). Sand has been scraped into a low dune-like feature
along most of the southern end of the area. Note the extensive washover terraces developed in this area.
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Plate E-7:

Plate 7. Views of Wrightsville Beach. A.) North view (10/12/96) showing fillet developed in the lee of the
jetty and the shoreline protuberance along the mid-barrier section. B.) South view of the island (9/23/98)
illustrating the shoreline bump in the vicinity of Moore’s inlet (now closed) and the offset in the building
line along this section of the shoreline. Mason'’s Inlet forms the northern border of the barrier. Sand bags
line the downdrift shoulder along the Shell Island Resort in an effort to protect theresort from the rapidly
migrating inlet. Note the accretion zone along the oceanfront south of the inlet.
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Plate E-8:

Plate 8. South view of Wrightsville Beach after Hurricane Bonnie (8/26/98) and the bump in the shoreline along the mid-barrier section.
Note the variations in position of the homes and large multi-unit dwellings along the beach. Most of the chronic erosion and structural
damage that is associated with storm events is restricted to this high hazard zone.
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Plate E-9:

Plate 3. Post storm views of Wrightsville Beach. A.)Landward view of south central portion of beach.
Little structural dam age occurred in this area. Localized overwash is evident. B.) Landward view of
shoreline in vicinity of Mercer's Pier. Shoreling north of the pier was susceptible to overwash and minor
structural damage was reported inthe area. C.) Landward view of prograded shoreling segment nearjetty.
Little damage was reported in this area due to the wide and high dune field. Localized dune erosion and
overwash is evident. D.) Landward view of shoreling south of Mercer's Pier. Minor overwash and minimal
damage occurred along this section. E.) Landward view of shoreline in the vicinity of Old Moore's Inlet.
The shoreling in this vicinity was the site of the worst structural damage and erosion on Wrightsville Beach
due to the poor condition of the beach along the "shoreline bulge". F.) North view of artificial dune/beach
almost two months after Hurricane Franimpacted the area. Much of the dune remained in place. Minor
washover features are seen along the intact dune.
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Plate E-10:

=z

Plate10. South view of Carolina Beach and local environments (10/24/98). Note the lagoon narrows and terminates at the headland
portion of Carolina Beach. The chronic erosion and overwash susceptible zone is located at the bottom of the photo. The shoreline

stretch south of the pier was most heavily impacted by the hurricanes of 1996. Remnants of the washover features are still visible two
years later.
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Plate E-11:

Plate11. Poststorm views of Carolina Beach. A.)View of Carolina Lake showing eroded dune and flooding
of the low -lying area that was once an inlet/lagoon system. B.) North view of eroded artificial dune near the
north end of Carolina Beach., Overwash extended across the dune in several places. Damage was minimal.
Bulldozing ofthe profile was common. C.) South view of structural damage near rip-rap at north end of
Carolina Beach. D) Structural damage south of rip-rap was minimal. Overwash extended across the dune
and rocks in this area. E. ) Airview (10/12/36) one month after Hurricane Fran struck the area. Washover
materials were scraped from the roads and placed along the herm/dune system. This area was the site of
extensive washover fans. F.) South view of area depicted in "E". Areas not protected by the dune/berm
system were overwashed and prone to structural dam age.
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Plate E-12:

Plate 12. North views of the Carolina Beach/Kure Beach subaerial headland shoreline segment. A.)
View (10/12/96) from the seawall at Fort fisher shows the narrow beach and the coquina outcropping
along the southern section of the area. The erosion resistant calcarenite forms a small protuberance in
the shoreline. B.) North view (1/11/98) from the terminus of the seawall at Fort Fisher showing the
replenishment project at Kure Beach. Coquina outcrop[ is visible at the bottom of the photograph.
Beachfill was derived from ancestral channels of the Caer Fear river several miles offshore.
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Plate E-13:

Plate 13. View of damage and beach erosion following Hurricane Fran (9/6/96). Photographs C and D by
Robert Young. Southern portion of Kure Beach (9/6/96). Perched beach was eroded exposing
underlying humate sandstone and Pleistocene stump forest. B.) Groin field and pier at Kure Beach
(10/12/96). Minor damage occurred along this stretch of shoreline and for the most part damage was
confined to the oceanfront row. Overwash extended across the road. C.) South view of the outcrop of
the humate sand and stumps. Modern beach was very thin along much of this area. D.) Northern
extension of sandstone unit contains less stumps. Remnants of this unit can also be found in the
nearshore area.
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Plate E-14:

Plate 14. Views of replenishment project at Kure Beach. A.) South view (1/11/98) of project and terminus
just north of Forth Fisher. Shoreline offset toward top of photo is related to the contrasting nature of the
underlying materials. Sheephead Rock is located offshore in upper left corner. B.) Landward view
(1/11/98) of northern portion of the replenishment project at Kure Beach and the remainder of the
headland segment. Carolina Beach Inlet is seen in the upper right of the view.
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APPENDIX F
POST STORM DAMAGE SURVEY

Residential Structures

| dentification Information
C Address
C Telephone Number:
C Isstructure primary or secondary residence?
C Isthe structure (pick one)
___ Oceanfront
1st row behind oceanfront
Ocean Block
Sound or Back Bay
Other, explain:

Construction Information

C Foundation type (pick one)
Slab
Filing
Concrete Block
Other, explain:

C First floor elevation:

C Ageof structure (pick one)
0-10 years
11-20 years
21+ years

Damage Information
C How long was the structure inundated?
C Didyou evacuate?
C If yes, how long were you displaced?
C What was the damage mechanism? (pick one)
Surge
Inundation
Erosion
Wind
Other, explain:
C Depreciated replacement cost of structure: $
C How much damage was done to the structure? (pick one)
0-25%
26-50%
51-75%
76-100%
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Please provide a brief description of the structural damage sustained:

Please provide a brief description of the personal property damage sustained
(structure contents, vehicles etc.)

Please provide a brief description of utility damage or interruption (water, electric
etc):

What was the land or lot damage?
How many sgquare feet?
Value (dollar damage values are on FIA claims)?
Is the land re-buildable?

Commercial Structures

| dentification Information
C Name of Business:
C Type of Business:
C Name and position of interviewee:
C Number of Employees:
C Address:
C
C
C

Telephone Number:
Normal operating season:
What is the location of the structure (pick one)
___ Oceanfront
1st row behind O/F
___ Ocean Block
Sound or Back Bay
Other, explain:

F-2



Appendix F - Post Storm Damage Survey

Construction Information
C Foundation type (pick one)
Sab

Piling
Concrete Block
Other, explain:
C First floor elevation:
C Ageof structure (pick one)
0-10 years
11-20 years
21+ years

Damage Information
C How long was the structure inundated?
Did you evacuate?
If yes, for how long was the business closed?
How much income did you lose due to the event?
What was the damage mechanism? (pick one)
Surge
Inundation
Erosion
Wind
Other, explain:
C Depreciated replacement cost of structure: $
C How much damage was done to the structure? (pick one)
0-25%
26-50%
51-75%
76-100%

OO OO

Please provide a brief description of the structural damage sustained:

Please provide a brief description of the inventory and equipment that was
damaged:
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Please provide a brief description of the persona property damage sustained
(personal effects, personal vehicles etc.)

Please provide a brief description of utility damage or interruption (water, electric
etc):

What was the land or lot damage?
How many sguare feet?
Value (dollar damage values are on FIA claims)?
Is the land re-buildable?

Public I nfrastructure

Describe any damage that was incurred at public or municipal buildings:

Describe any infrastructure damage (dune crossovers, streets, sewers, seawalls,
etc). Include the damage mechanism (surge, wave, inundation, etc) and the
magnitude in feet or square fest, etc.
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Appendix F - Post Storm Damage Survey

General |nformation

Please list al state, local and private entities that provided assistance. Give a
point of contact and phone number, if possible.

Entity POC Phone number

Please describe the evacuation route for the affected area.  Give road names,
speed limits, and duration of evacuation activities.
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